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PREFACE 
Th i s  r e p o r t  i s  one of a s e r i e s  desc r i b i ng  a m u l t i - d i s c i p l i n a r y ,  
mu1 t i  n a t i  onal  I IASA research  s tudy  on Management o f  EnergylEnvironment 
Systems. The p r imary  o b j e c t i v e  of t h e  research i s  t h e  development 
o f  q u a n t i t a t i v e  t o o l s  f o r  energy and environment po l  i c y  des ign  and 
a n a l y s i s - - o r  i n  a broader sense, t he  develppment o f  a coherent ,  
r e a l i s t i c  approach t o  energy lenv i ronment  management. P a r t i c u l a r  
a t t e n t i o n  i s  be ing  devoted t o  t he  des ign  and use o f  these  t o o l s  a t  
t h e  r e g i o n a l  1 eve1 . The ou tpu t s  of t h i s  research  program i n c l u d e  
concepts, a p p l i e d  methodologies,  and case s tud ies .  Dur ing  1975 and 
1976, t h e  case s tud ies  focused on t h r e e  g r e a t l y  d i f f e r i n g  reg ions ,  
namely t he  German Democratic Republ i c, t h e  Rhone-A1 pes r e g i o n  i n 
sou thern  France, and t h e  s t a t e  o f  Wisconsin i n  t h e  U.S.A. I n  1977, 
a case s tudy  o f  A u s t r i a  was c a r r i e d  ou t .  
T h i s  memorandum c o n s i s t s  o f  t he  Execut ive Summary f o r  t h e  
A u s t r i a n  Case Study, a p r e l i m i n a r y  document summarizing t h e  main 
f i n d i n g s  o f  t h e  s tudy.  A more d e t a i l e d  f i n a l  Research Repor t  
d e s c r i b i n g  the  A u s t r i a n  s tudy  w i l l  be pub1 i shed  i n  1978. 
Other p u b l i c a t i o n s  on t h e  management o f  energy lenv i ronment  
systems a re  l i s t e d  i n  Appendix C a t  t he  end o f  t h i s  r e p o r t .  

ABSTRACT 
Th i s  r e p o r t  was prepared t o  complement a p resen ta t i on  made Oct. 25, 1977 
a t  I IASA. The p resen ta t ion ,  t i t l e d  "An Execut ive B r i e f i n g  Session", was 
designed t o  p resen t  t he  f i n a l  r e s u l t s  o f  a th i r teen-month study o f  t h e  
Aus t r i an  EnergylEnvironment System t o  leaders  i n  Aus t r i an  government, 
i ndus t r y ,  and science. Th is  w r i t t e n  documentation o f  t h e  r e s u l t s  ( o f  
which a German t r a n s l a t i o n  i s  a l s o  a v a i l a b l e )  presents  i n  a b r i e f  form t he  
f i n a l  conc lus ions of t h i s  s tudy.  The study r e s u l t s  prov ide a comprehensive 
s p a t i a l  and sec to ra l  d e s c r i p t i o n  o f  Aus t r i an  energy consumption, and 
examine a l t e r n a t i v e  energy and environmental p o l i c y  s t r a t e g i e s .  Th is  
r e  o r t ,  however, i s  or i ly  a summary and a more complete d e s c r i p t i o n .  
w i  f 1 appear i n  research repo r t ' f o rm  i n  1978. 
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I. I NTRODUCT -- ION 
T h i s  s t u d y  has two p r i m a r y  o b j e c t i v e s :  
( 1 )  To examine a1 t e r n a t i v e  energy  f u t u r e s  and s t r a t e g i e s  f o r  A u s t r i a  
and t o  c o n s i d e r  some o f  t h e i r  env i ronmenta l  imp1 i c a t i o n s .  
(2) To i n v c s t i  ga te  and imp1 ement a p p r o p r i a t e  concepts  and n ~ e t h o d o i  - 
o g i e s  f o r  e r i e rgy lenv i  ronn~en t  management and p o l  i c y  d e s i g n  i n  
A u s t r i a .  
The e s t a b l i s h m e n t  o f  t hese  o b j e c t i v e s  was based upon t h e  c o n v i c t i o n  
t h a t  i n  A u s t r i a ,  as i n  most r e g i o n s  and n a t i o n s  o f  t h e  w o r l d ,  t h e r e  
i s  an u r g e n t  need f o r  t h e  development and a p p l i c a t i o n  o f  methods f o r  
- 
s t u d y i n g  r e g i o n a l  energy systems and f o r  t e s t i n g  t h e  Sn~pact o f  a l t e r -  
n a t i v e  p o l i c i e s .  I n  v iew o f  t h e  m a j o r  r o l e  wh ich  energy p l a y s  i n  t h e  
d e t e r ~ n i n a t i o n  o f  env i ronmen ta l  qua1 i ty,  t h i s  s t u d y  was des igned  t o  
a i d  i n  t h e  i n t e g r a t i o n  o f  energy  and env i ronmenta l  management from 
a  systems p e r s p e c t i v e .  
" ~ e g i o n a l " ,  i n  t h e  c o n t e x t  o f  o u r  p r e v i o u s  s t u d i e s ,  i s  n o t  s t r i r t l y  
de f i ned  as subr ia t iona l  o r  as a  s p e c i f i c  c l a s s  o f  geograph ic  u n i t s ;  
r a t h e r ,  i t  r e f e r s  t o  a  reg ion,  a p p r o p r i a t e l y  bounded so t h a t  
i t  i s  p o s s i b l e  t o  speak o f  energy  and env i ronmenta l  systems, e i t h e r  
f rom a  p h y s i c a l  , soc io -econo~n ic ,  o r  a d m i n i s t r a t i v e  p e r s p e c t i v e ,  o r  
frorri a l l  t h r e e .  A t  t h e  b e g i n n i n g  o f  t h i s  s tudy,  we i n t e n d e d  t o  l i m i t  
i t s  scope t o  a s e l e c t e d  few A u s t r i a n  L a n d e r ( s t a t e s ) ;  we q u i c k l y  r e a l i z e d  t h a t  
A u s t r i a ' s  s i z e  and v i g o r o u s  i n t e r r e g i o n a l  l i n k s  pt-ecluded a n y t h i n g  
l e s s  than a  n a t i o n a l  s tudy .  
A .  INSTITUTIONAL FORMAT OF THE STUDY 
The s t u d y  has beer~ ccnducted i n  an i n s t i t u t i o n a l  f o r r ~ i a t  wh ich  has 
promoted f requent  i n t e r a c t i o n  w i t h  t h e  i n d i d i v u a l s  and i n s t i t u t i o n s  
f o r  whom t h e  r e s u l t s  a r e  i n t e n d e d .  A f t e r  t h e  i n i t i a l  o r g a n i z a t i o n a l  
phase of t h e  s tudy  w i t h i n  I IASA, a  ma jo r  t h ree -day  workshop was h e l d  
i n  January,  1977, w i t h  a  broad ly -based r e p r e s e n t a t i o n  o f  e n e r g y l e n v i  r o n -  
ment s p e c i a l i s t s  and d e c i s i o n  niakers from t h e  A u s t r i a n  p r i v a t e  and p c h l j c  
i 
s e c t o r s ,  b o t h  a t  t h e  r e g i o n a l  and n a t i o n a l  l e v e l s .  T h i s  workshop 
p l a y e d  a  c r u c i a l  r o l e  i n  d e t e r m i n i n g  t h e  c r i t i c a l  i s s u e s  w h i c h  t h e  
s t u d y  wou ld  address. I t  a l s o  served t o  e s t a b l i s h  l i n k s  t o  v a r i o u s  
i n s t i t u t i o n s  th rough wh ich  i n f o r m a t i o n  c o u l d  f l o w  d u r i n g  t h e  remainder 
o f  t h e  research  program. Severa l  o f  these  i n s t i t u t i o n s  p l a y e d  impo r t -  
a n t  r o l e s  i n  t h e  resea rch  by p r o v i d i n g  da ta  o r  conduc t i ng  a n a l y s i s .  
A second workshop ( J u l y ,  1977) served t o  e v a l u a t e  t he  s tudy  t o  t h a t  
p o i n t ,  and t o  e s t a b l i s h  p r i o r i t i e s  f o r  t h e  f i n a l  phase. 'The A u s t r i a n  
p a r t i c i p a n t s  i n  t h a t  workshop a l s o  suggested t h e  fo rmat  w i t h i n  wh ich  
t h e  conc lus ions  and methods r e s u l t i n g  f rom t h i s  s tudy  shou ld  be com- 
muni cated, and t r a n s f e r r e d  t o  t h e  energy1env.i ronment communi ty  . 
B. CRITICAL ISSlIES ---- STUDIED 
The i ssues  s t u d i e d  were chosen th rough an i t e r a t i v e  procedure,  
beg inn ing  w i t h  sugges t ions  a t  t h e  f i r s t  workshop, f o l l o w e d  w i t h  ex- 
p l o r a t i o n  by t he  I IASA team t o  see whether t h e y  c o u l d  be ana lyzed  
w i t h i n  t h e  t i m e  and resou rce  l i m i t a t i o n s .  One n ia jor  dec is io r t  v:as 
t h a t  t h i s  s tudy,  as w i t h  p r e v i o u s  ones, would address b road  mid- t o  
l ong - te rm  s t r a t e g i e s  and p o l i c i e s ,  r a t h e r  than i s s ~ ~ e s  r e l a t e d  t o  day- 
to -day  o p e r a t i o n a l  problems. Consequent ly,  t h e  t i m e  h o r i z o n  o f  t h e  
s tudy  i s  2015, w i t h ,  however, g r e a t e r  a t t e n t i o n  devoted t o  t h e  e a r l i e r  
p a r t  o f  t h e  t i n e  p e r i o d .  A l t hough  t h e r e  was a  b road  spect rum o f  i s sues  
r a i s e d ,  t h e  ma jo r  i s sues  f e l l  i n t o  t h e  f o l l o w i n g  c a t e g o r i e s :  
Energy Demand. A c e n t r a l  i s s u e  i n  A u s t r i a  i s  t h e  p r o b a b l e  and 
- -- -- - 
p o s s i b l e  1  c v e l s  o f  f u t u r e  cnc rgy  deuiand. I ~ n p o r t a r ~ t  aspec ts  o f  t h e  
dernar~d i s s u c  a r e  i t s  r e l a t i o n s h i p  t o  the r a t e  and s t r uc tu r -e  o f  econo~:lic 
growth,  t o  demographic f a c t o r s ,  t o  human s e t t l e m e n t  and l a n d  use p a t -  
t e r n s  and t echno log ies ,  t o  t r a n s p o r t a t i o n  systems des ign ,  t o  i n d u s t r i a l  
s t r u c t u r e  and techno logy ,  and t o  energy-use t echno log ies  i n  gene ra l .  
As i n  many o t h e r  c o u n t r i e s ,  t h e  r e 1  a t i o n s h i p s  between energy use. and 
s o c i a l  w e l l - b e i n g  a r e  h o t l y  debated. 
Energy Conserva t ion .  The p o t e n t i a l  energy c o n s e r v a t i o n  measures 
and t h e i r  impact  a r e  ma jo r  i s sues .  A l though some c o n s e r v a t i o n  measures 
have a l r e a d y  been implemented, t h e r e  i s  e x t e n s i v e  ongo ing  debate on 
t h i s  t o p i c .  
Energy Supply Options and Strat.egies. The choice o f  f u e l s  and 
energy supply technologies i s  a  t h i r d  h igh  p r i o r i t y  issue,  c l o s e l y  
l i n k e d  t o  the  f i r s t  two above. Decisions on the  cont inued iniplemen- 
t a t i o n  o f  nuc lear  technology i n  A u s t r i a  w i l l  i n  a1 1  1  i k e l i h o o d  be 
based i n  p a r t  on est imates of fu tu re  growth o f  e l e c t r i c i t y  dernand; 
low growth i n  e l e c t r i c i t y  demand, i n  p a r t  due t o  major  implementat ion 
o f  conservat ion measures, cou ld  weaken some o f  t he  arguments f o r  
expanding the  nuc lea r  system. I n  a  s i m i l a r  manner, the  seriousness f o r  
A u s t r i a  o'f g r e a t l y  increased s c a r c i t y  o r  even s h o r t f a l l s  o f  petroleurn 
w i l l  i n  p a r t  depend on the  l e v e l  and the  s t r u c t u r e  o f  petro leum demand. 
The f e a s i b i l i t y  of a l t e r n a t i v e  fuels,  e.g., coal  and so la r ,  p l a y i n g  a  
major  r o l e  over the  nex t  several  decades i s  under a c t i v e  d iscussion.  
A u s t r i a ' s  r e l i a n c e  on o t h e r  coun t r i es  o r  s p e c i f i c . r e g i o n s  o f  the  wor ld  
f o r  f ue l s  i s  an impor tan t  economic and p o l i t i c a l  issue.  
Environment Impacts and P r o t e c t i o n  - St ra teg ies .  Concern about tile 
environment, e s p e c i a l l y  publ i c  h e a l t h  'and sa fe ty ,  i s  c u r r e n t l y  very h igh  
and i s  s t r o n g l y  1  inked t o  a1 t e r n a t i v e  energy supply s t r a t e g i e s .  Nuclear  
power i s  c e n t r a l  t o  t h i s  concern. A i r  p o l l u t i o n  i s  o f .  i nc reas ing  i n t e r -  
e s t ,  as A u s t r i a  i s  j u s t  now d e f i n i n g  a i r  p o l l u t i o n  standards and exani- 
i n i n g  a1 t e r n a t i v e  s t r a t e g i e s  and. the  t r a d e o f f s  assoc ia ted  w i t h  them. 
-The above f o u r  cateaor ies c e r t a i n l y  do no t  subsume a l l  o f  the  
i r r~po r tan t  energy- re la ted  issues ,  no r  can a l l  o f  them be answered o r  
even addressed i n  t h i s  l i m i t e d  study. However, we have attempted t o  
p rov ide  a  b e t t e r  pe rspec t i ve  from which publ  i c  d i s c l ~ s s i  ons on these 
and o t h e r  issues can proceed. 
11. SUMMARY OF MAJOR FINDINGS 
T h i s  s t u d y  assesses a l t e r n a t i v e  encrgy/env i ronment  f u t u r e s  f o r  
A u s t r i a  th rough  t h e  y e a r  2015. Four scena r i os  o f  energy denland and 
supp l y  were developed (see  Table 1, Sec t i on  I I I )  w i  t h i c  a  range o f  
economic g r o y t h  p a t t e r n s .  Energy demand i m p l i c a t i o n s  o f  p o p u l a t i o n  
and economic f a c t o r s ,  o f  s e l e c t e d  l i f e s t y l e  p a t t e r n s ,  and o f  some 
energy-use t echno log ies  a r e  i n f e r r e d  from t h e  scenari 'os.  Assoc ia ted  
s e n s i t i v i t y  s t u d i e s  were used as a  b a s i s  f o r  complementary a n a l y s i s .  
lmpl i c a t i b n s  f o r  env i ron l i l en ta l  qua1 i t y  and t h e  cho i ce  o f  energy supp l y  
s t r a t e g i e s  a r e  assessed. The f i nd ings  a r e  n o t  t he  r e s u l t  o f  any s i n g l e  scenaric 
b u t  r a t h e r  were deduced from the  a n a l y s i s  o f  t h e  e n t i r e  s e t  o f  scenar ios  and 
s e n s i t i v i t y  s t u d i e s .  A1 though t he  f i n d i n g s ,  i n  genera l ,  a r e  appl  icabqe t o  t he  
l ong  r u n  (2015),  more a t t e n t i o n  has been devoted t o  t h e  i n i t i a l  two decades o f  
t h e  s tudy .  
The ma jo r  f i n d i n g s  o f  t h e  s tudy  a r e  as f o l l o w s :  
A. --- ENERGY DEMAND ( S e c t i o n  V )  
( 1 )  T o t a l  energy demand w i l l  p robab l y  i n c r e a s e  a t  a  r a t e  c o n s i d e r a b l y  
l owe r  t han  i n  t h e  p a s t  two decades, I f  these  lower- demand e s t i -  
mates a r e  v a l i d ,  t h e y  i m p l y  ma jo r  r e t h i n k i n g  o f  energy supp l y  
p o l i c i e s  t h a t  a re  based on h i g h e r  o w l - a l l  p r o j e c t i o n s .  
.(2) An o v e r a l l  " s o c i e t a l  energy i n t e n s i v e n e s s  ," d e f i n e d  r o u g h l y  as 
p r i m a r y  energy use p e r  u n i t  of  GNP, w i l l  p robab l y  decrease ove r  
t h e  conling few decades. 
(3) E l e c t r s i c i t y  w i l l  supp l y  an i n c r e a s i n g  f r a c t i o n  o f  t o t a i  end-use 
energy. Neve r the less .  g rowth  o f  e l e c t r i c i t y  g e n e r a t i  011 w i  11 be 
much l owe r  than h i s t o r i c a l  r a t e s .  Needs f o r  f u t u r e  f a c i  1  i t i e s  
shou ld  be examined i n  l i g h t  o f  t h e i r  dependence on t h e  str11ctu1-e 
and r a t e  o f  A u s t r i a ' s  economic development. 
( 4 )  The con t inued  dominance o f  t he  i n d u s t r i a l  s e c t o r  i n  energy use 
suggests t h a t  po l  i c y  measures f o r  a1 t e r i n g  energy-use p a t t e r n s  
must focus l a r g e l y  on t h i s  s e c t o r .  However, energy demand growth 
i n  t he  n e x t  ,few decades appears t o  be  g r e a t e s t  i n  t h e  s e r v i c e  
s e c t o r  of t he  economy, w i t h  t he  l owes t  growth l i k e l y  i n  t h e  
t r a n s p o r t a t i o n  s e c t o r .  
( 5 )  There i s  cons ide rab le  p o t e n t i a l  f o r  energy conse rva t i on  by  means 
o f  improved i n s u l a t i o n  p r a c t i c e s  i n  t h e  r e s i d e n t i a l  s e c t o r .  
Because o f  t h e  i n s t i t u t i o n a l  b a r r i e r s  r e l a t e d  t o  i n i t i a l  cos ts ,  
t h e  r e a l i z a t i o n  o f  t he  economic b e n e f i t s  o f  t h i s  p o t e n t i a l  may 
r e q u i r e  v igorous  government support  o f  conserva t ion  measures. 
(6) By t h e  end o f  t h e  t ime p e r i o d  under s tudy,  t h e  cen te r  of g r a v i t y  
of  energy use i n  A u s t r i a  w i l l  have s h i f t e d  westward; t h i s  s h i f t  
and the assoc ia ted  environnlental impacts should be taken i n t o  con- 
s i d e r a t i o n  i n  long- term reg iona l  p lanning.  
B. ENERGY SUPPLY (Sect ion  V I )  
( 7 )  ~ u c l e a r  power cou ld  p l a y  a  major r o l e  i n  e l e c t r i c i t y  genera t ion  
over the  nex t  several  decades. However, dur ing the t ime pe r iod  
considered, the  cont inued slowing o f  e l e c t r i c i t y  demand growth, 
coupled w i t h  f u r t h e r  vigorous conservat ion measures, cou ld  make 
f u t u r e  nuclear  p lan ts  unnecessary i f  hydropower were e x p l o i t e d  f u l l y .  
(8) Coal i s  genera l l y  considered t o  be an u n a t t r a c t i v e  loqg-term 
supply o p t i o n  f o r  Aus t r i a .  However, our  economic ana lys is  o f  
the  Aus t r i an  energy supply system, based on a  resource a1,loca- 
t i o n  model f o r  the year  1990, i nd i ca tes  t h a t  a  s h i f t  toward 
increased re1 iance on 1  i g n i t e ,  coup1 ed w i t h  decreased re1 iance 
on gas and petroleum, would be cos t  e f f e c t i v e .  
( 9 )  E x t r a p o l a t i o n  o f  most prev ious Aus t r i an  energy fo recas ts  y i e l d s  
a c o n t i n u a t i o n  o f  t h e  t r e n d  toward g rea te r  r e l i a n c e  on petro leum 
and n a t u r a l  gas. However, assessnient o f  wo r ld  petro leum resour-ces 
and f u t u r e  demands demonstrates a  ser ious gap between p o t e n t i a l  
petroleum demand and supply i n  Aus t r i a  i n  the 19901s, even under 
the assumption o f  low growth (Conservat ion Scenario S4). 
C. ENVIRONblENT (Sect ion  V I  I) 
(10) P o t e n t i a l  system-wide environmental impacts due t o  energy use and 
supply i n  A u s t r i a  a re  appreciable.  Because o f  c o n t i n u i n g  energy 
demand growth, the  system-wide impacts would n o t  s i g n i f i c a n t l y  
decrease over the t ime pe r iod  studied,  despi t e  i n t roduc t i on  of 
improved p o l l u t i o n  con t ro l  technology. 
(11) A i r  p o l l u t i o n  w i l l  be the  l a r g e s t  c o n t r i b u t o r  t o  energy- re la ted  
impacts on .pub l  i c  hea l th .  These a i r  po l  l u t i o n  inipacts w i l l  be 
concentrated i n  t h e  f i v e  major  urban areas o f  Aus t r i a ,  namely 
Vienna, Salzburg , Graz, L inz ,  and Innsbruck.  
(12) D e s u l f u r i z a t i o n  o f  f u e l  o i l  f o r  use i n  urban r e s i d e n t i a l  and 
conmnercial b u i l d i n g s  would be an e f f e c t i v e  and impor tan t  measure 
f o r  p r o t e c t i n g  t h e  pub1 i c  from h e a l t h  e f fec ts  o f  s u l f u r  emissions. 
(13) Regional and l o c a l  environmental e f fec t s  due t o  A u s t r i a ' s  energy 
systems are s i g n i f i c a n t .  However, t h e r e  i s  a l s o  a  f a m i l y  of  
e f f e c t s  whose s i g n i f i c a n c e  i s  b e t t e r  assessed from a  g loba l  per -  
spec t ive .  Examples of  these a r e  l ong  te rm c l i m a t e  m o d i f i c a t i o n s  
due t o  C02 emissions from combustion o f  f o s s i l  f u e l s ,  and p o t e n t i a l  
dangerous f l ows  o f  f i s s i l e  m a t e r i a l  w i t h i n  t h e  nuc lea r  f u e l  c y c l e .  
Such g loba l  concerns can and must be addressed f rom an i n t e r n a t i o n a l  
pe rspec t i ve  t o  a v o i d  t h e  " t ragedy of  t h e  commons" on a  g loba l  sca le .  
111. DESCRIPTION OF METHODCILOGY AND OVERVIEW OF ENERGY SCENARIOS 
A. METHODOLOGY 
Views about t he  future-scenar ios,  fo recas ts ,  predic t ions-con-  
s t i t u t e  the  language o f  energy p o l i c y  debate, the  frames of re fe rence 
f o r  dec i s ion  and p o l i c y  ana lys i s ,  and the  bases o f  assumptions about 
what i s  o r  what i s  n o t  i n e v i t a b l e .  Our s tudy  uses -- scenar io  b u i l d i n g  
as a formal q u a n t i t a t i v e  approach t o  p o l i c y  ana lys i s  and the  exan~ina- 
t i o n  of energy/environment s t r a t e g i e s .  
Broadly described, scenar io  b u i l d i n g  i s  a  d e t a i l e d  examinat ion 
of t he  poss ib le  fu tu res  and t h e  consequences o f  a l t e r n a t i v e  assump- 
t i o n s  about them. Th i s  s e t  o f  f u tu res  ilisy p rov ide  a  b e t t e r  view o f  
what i s  t o  be avoided o r  f a c i l i t a t e d ,  the  types o f  decis ions t h a t  are 
important ,  and t h e  p o i n t s  i n  t ime  a f t e r  which var ious  dec i s ion  branches 
w i l l  have been passed. Impor tan t  p o l i c y  issues and r e l a t e d  t r a d e o f f s  
can be examined by so -ca l l ed  " s e n s i t i v i t y  s tud ies "  i n  which o n l y  one 
o r  a  few parameters a re  v a r i e d  and the  r e s u l t i n g  scenar ios are  conlpared. 
I n  ~ r d e r  t o  speci fy  a  " p o l i c y  s e t "  o r  framework w i t h i n  which a  
scenar io  was b u i l t ,  we developed a  means f o r  expressing a  scenar io  i n  
terms o f  a  l i m i t e d  nu111ber o f  c h a r a c t e r i s t i c s .  As shown i n  t h e  f i r s t  
column o f  Table 1, we r e l a t e  those c h a r a c t e r i s t i c s  t o  f o u r  o v e r a l l  
scenar io  p rope r t i es ,  namely, Socio-Economic S t ruc tu re ,  L i f e s t y l e ,  
Technology, and Environment. W i t h i n  these f o u r  general ca tego r ies ,  
a  l a r g e r  number of assumptions about f u t u r e  events and/or p o l i c i e s  and 
s t r a t e g i e s  are b u i l t  i n t o  the  scenarios. 
The general framework summarized i n  column 1  o f  Table 1  i s  used 
o n l y  t o  p rov ide  the exogenous func t i ons ,  boundary cond i t i ons  and con- 
s t r a i n t s  f o r  t h e  f a m i l y  o f  models and data  bases used t o  c a l c u l a t e  the  
d e t a i l s  o f  t h e  a l t e r n a t i v e  energy environment f u tu res .  F igu re  1  g ives 
a more d e t a i l e d  rep resen ta t i on  o f  t he  f l o w  o f  i n f o r m a t i o n  which occurs 
i n  t h e  c a l c u l a t i o n  o f  energy demand and p o l l u t a n t  emiss ion f o r  t he  
r e s i d e n t i a l  sec to r  o f  t h e  economy. 
Table  1 
OVERVIEW OF SCENARIOS 
Current trends f n  
I Transportation 
Housl ng 
Industry 
Trfnsportation 
b u s  1 ng 
EWWY Supply 
E n v i r o m n t a l  
Regulations 
I 
TECHNOLOGY 
EIVI#WHU(T 
L ' ,  
Car ownership 
300 vehicles/ 1000 
population 
Bigger new homes 
(0.8 m2/yr) 
~mphasls on e lec t r i ca l  
appllances and 
convenience fue ls  
Overall decrease i n  
energy intensiveness 
through s ign i f i can t  
penetratiom o f  energy 
conserving technology 
Car e f f i c iency  
8.91 / I00 km 
1971 insu la t ion  
standards 
- 
Car ownership 
400 vehicles/1000 
population 
New home size 
increases fas te r  than 
51 
~ { g h  emphasis on elec- 
t r i c a l  appl lances and 
convenient fuel2 
General increase i n  
intensiveness 
Car efficiency 
12.3 L/100 km 
1971 Insulat ion 
standards 
Decreased emphasis on coal 
E l e c t r i c i t y  demand grows more rapidly than t o t a l  end-use energy demand 
Car ownership . 
250 vehicles/1000 
population 
new home size 
increases more 
slowly than 51 
Less emphasis on elec- 
t r i c a l  appl lances and 
convenient fuels 
Overall decrease i n  
energy intensiveness 
Car ownership 
300 vehicles/1000 
population 
BIgger new homes 
2 (0.8 m /y r )  as 53 
Emphasis on 
conservation 
S ign i f i cant  decrease 
i n  energy interl- 
No nuclear growth 
Constrained o i l  
supply 
R d i u a  nuclear 
grinfth 
Adequate o i l  and gas 
supply 
High Nuclear growth 
Adequate 011 and 
gas supply 
Proposed SO2 o i l  desulfur?zation regulations by 1981 plus U.S. 
- - - - - - - - - - -  emissjo_n !ir?i_ts_of S02._all-soucce_s, !~-2000._ _ - - _ _ - - _ - - - - - - - - 
I 
through s ign i f i can t  
penetration of energy 
conserving technology 
Car ef f ic iency 
Low nuclear growth 
Adequate o i l  and 
gas supply 
s i  veness through 
vigorous develop- 
ment 6 Implementa- 
t i o n  o f  energy 
conserving technologvl 
--- 
Car e f f i c iency  
Same as 53 
. 
--- -- 
.71 o f  U.S. emission 
l i m i t s  on SO2. point  
sources. by 2015 
.50 o f  U.S. emission ' 
l i m i t s  on SO2, po in t  
sources, by 201 5 
8.91 / I00 km I 7-0 L/lM) km 
.42 o f  U.S. emission 
l i m i t s  on SO2. point  
sources, by 2015 
U.S. t ransportat ion miss ions controls on autolPoblles 
' - - .  
, New homes 40% be t te r  
than 1971 insu la t ion  
standard by 2000 
1.18 o f  U.S. emission 
l l m i t s  on part iculates.  
indust ry  po in t  sources, 
by 2015 
New homes 552 
better than 
than 1971 insu la t ion  
standard by 2000 
1.0 o f  U.S. emlssion ~ h i t s  o f  part iculates,  e l e c t r l c  power plant, by 2015 
1.0 o f  U.S. emission 
l i m i t s  on particulates. 
industry polnt  sources. 
by 2015 
- - - , - - - , - - - - - - - , - - . , - - - , , - - , - 2 0 1 5 - - - - - - - -  
1.60 o f  U.S. emission 
l im i t s  on pa r t i c -  
ulates. industry 
poi n t  sources, by 
SCENARIO ASSUMPTIONS Pol 1  u t a n t  
FIGURE 1  
FLOW OF INFORIYAT'ION IIV THE RESIDENTIAL ENERGY DEYAND MODEL 
As i n d i c a t e d  i n  Tab le  1, f o u r  scenar ios  were examined i n  d e t a i l .  
The main assumptions u n d e r l y i n g  these scenar ios  were chosen p l - i m a r i l y  
on t h e  b a s i s  o f  t h e  f i r s t  I IASA Workshop on A u s t r i a n  Energy lEnv i ron-  
rnent S y s t e m  which had t h e  p a r t i c i p a t i o n  of  many members o f  t h e  A u s t r i a n  
p r i v a t e  and p u b l i c  sec to r s .  As descr ibed  i n  t h e  f a l l o w i n g  s e c t i o n s ,  
many of t h e  exogenous i npu t s ,  p a r t i c u l a r l y  i t 1  t h e  socio-ecoi?ornic area,  
were p rov ided  by c o l l a b o r a t i n g  i n d i v i d u a l s  o r  i n s t i t u t i o n s  i n  A u s t r i a .  
B. SCENARIO OVERVIEW 
-.- -- - - 
The f o u r  energy scenar ios sun~mdrizeli i n  Table 1 were chosen t o  
a l l o w  examinat ion of t h e  issues enumerated i n  Sect ion  I of t h i s  
r e p o r t .  To a i d  i n  t h e  study o f  energy demands, t he  scenar ios w'ere 
based upon a l t e r n a t i v e  wor ld  and reg iona l  economic assumptions t h a t  
r e s u l t e d  i n  t h r e e  d i f f e r e n t  growth r a t e s  (medium, h igh,  low) f o r  t h e  
A u s t r i a n  economy. These were coupled w i t h  va r ious  o the r  p o l i c i e s  and 
assumptions as shown i n  the  t a b l e  t o  develop t h e  scenarios S1 
(Base Case), S2 (High Case) and S3 (Low Case) Because o f  the  
g r e a t  concern about eventual r e s t r i c t i o n s  on pe t ro leun~  supply, 
S4  (Conservat ion Case) was b u i l t  upon the  lower economic growth 
o f  S3 t o  exp lore  t h e  e f fec t i veness  o f  f u e l  s h i f t s  and conserva- 
t i o n  measures f o r  avo id ing  gaps between petroleum supply and 
p o t e n t i  a1 demand. 
The achievement o f  emission l i m i t s  f o r  SO2 and p a r t i c u l a t e s  
was coupled t o  t h e  economic assumptions and growth ra tes .  
I V .  SOCIO-ECONOMIC STRUCTURE OF THE SCENARIOS 
A. ECONOMICS 
I n  t h i s  study, energy demand i s  a  f u n c t i o n  o f  s e c t o r a l  a c t i v i t y  
and the  energy in tens iveness  o f  t h i s  a c t i v i t y .  I n  the  i n d u s t r i a l ,  
commerci a1 ' and serv ice ,  a g r i  cu l  t u r a l  , and f r e i g h t  t rans  p o r t a t i o n  sectors,  
the  a c t i v i t y  i s  measured i n  economic terms. P ro jec t i ons  o f  economic 
a c t i v i t y  by sec to r  a re  de r i ved  u t i l i z i n g  the  AUSTRIA I 1  i npu t -ou tpu t  
model*. ?h is  medium-term input -ou tput  model provides, g iven 
a  s e t  o f  assumptions, a  coniplete and c o n s i s t e n t  d e s c r i p t i o n  of eco- 
nomic a c t i v i t y  a t  cons tant  p r i c e s  f o r  each yea r  o f  t h e  f o r e c a s t i n g  
per iod .  
These r e s u l t s  a re  based on two d i f f e r e n t  ca tego r ies  o f  assumptions. 
The f i r s t  category compri ses general assumptions concerning model s t r u c -  
t u r e ,  which cannot be changed. The second category i nc ludes  more spec i -  
f i c  assurr~ptions which may be a l t e r e d  from s in iu la t i on  t o  s i m u l a t i o n  
w i t h o u t  major  d i f f i c u l t i e s .  
General Assumptions. AUSTRIA I I, based on parameters de r i ved  from 
t ime s e r i e s  ana lys is ,  r e l i e s  on an o v e r a l l  s t a b i l i t y  i n  t h e  soc io -  
economic environment. T h i s  assumption i m p l i e s  a  c e r t a i n  degree o f  
c o n t i n u i t y  i n  economic p o l i c y :  t axa t i on ,  income d i s t r i b u t i o n ,  con- 
d i  t i o n s  o f  investment,  e x p o r t  promotion, e t c .  For  p r i v a t e  consumption, 
o n l y  changes due t o  r i s i n g  income are taken i n t o  account;  extreme 
e v o l u t i o n s  caused by abrupt  changes i n  t a s t e s  a re  n o t  inc luded.  F u r t h e r  
progress towards a  i i b e r a l i z a t i o n  o f  wor ld  t r a d e  i s  envisaged, w h i l e  
r e s t r i c t i v e  i n f l uences  from t h e  i n t e r n a t i o n a l  monetary system o r  froin 
balance of  payment d i f f i c u l t i e s  i n  major  t r a d i n g  c o u n t r i e s  a r e  n o t  
expected. 
AUSTRIA I 1  i s  a  demand-oriented model. Wi th  some minor  except ions 
(crude o i  1  p roduct ion  and i r o n  o r e  e x t r a c t i o n  i n  A u s t r i a ) ,  t h e  s t r u c t u r e  
o f  t he  model i m p l i e s  t h a t  no bo t t l enecks  w i l l  occur  i n  supply.  Labor 
fo rce  i s  a l s o  assumed n o t  t o  be a  l i m i t i n g  f a c t o r .  P r i c e s  and r e l a t i v e  
* 
AUSTRIA I 1  Input-Output  Model, Josef  R i c h t e r  and Werner Teufelsbauer., 
Bundeskammer der  gewerbl i chen ~ m c h a f t .  
p r i c e s  a r e  assumed t o  have no major  i n f l u e n c e  on the  s t r u c t u r e  of 
domestic f i n a l  demand. Changes i n  technology due t o  p r i c e  changes can 
be taken i n t o  account. F luc tua t i ons  i n  the  business c y c l e  are  l a r g e l y  
ignored . 
S p e c i f i c  Scenario Assumptions. A constant  s t r u c t u r e  i s  assumed i n  
t h e  f o l  low ing f i n a l  demand categor ies:  investment i n  machi nery and 
equi p e n t ,  investment i n  bu i l d ings ,  i nven to ry  changes, se rv i ce  exports,  
s e r v i c e  imports ,  and expendi tures by f o r e i g n  t o u r i s t s  i n  Aus t r i a .  The 
s t r u c t u r e  of  t he  p u b l i c  consumption i s  s l i g h t l y  changed over t he  fo recas t ing  
per iod .  
A  r a t h e r  cons tant  techno log ica l  s t r u c t u r e  i s  used w i t h  the  excep- 
t i o n  o f  a  l a r g e  number o f  changes inc luded i n  the  pe r iod  t o  1985 based 
on i n f o r m a t i o n  coming from var ious  en te rp r i ses .  Some a d d i t i o n a l  
changes i n  energy i n p u t  c o e f f i c i e n t s  do occur  a f t e r  1985, as noted i n  
t h e  i n d i v i d u a l  demand sec to r  desc r ip t i ons  . 
Assumptions regard ing  the  economic development o f  A u s t r i a ' s  t r a d i n g  
par tners  are  c r u c i a l  i n  determin ing the  development o f  A u s t r i a ' s  economy. 
The growth r a t e s  o f  A u s t r i a ' s  t r a d i n g  p a r t n e r s  a r e  kep t  cons tant  
between 1970 acd 1985 a t  the  f o l l o w i n g  l e v e l s  f o r  a l l  scenar ios:  
Federal Republ i c  o f  Germany 2.92% 
Sw i t ze r l and  2.31% 
I t a l y  3.49% 
Rest o f  EEC (members i n  1975) 3.82% 
COMECON and Yugoslavia 5.66% 
Rest o f  OECD, r e s t  o f  t h e  wor ld  4.63% 
I n  S2, these growth r a t e s  a r e  assumed t o  remain cons tant  u n t i l  2015. They 
a r e  l i n e a r l y  decreased t o  1.70% i n  S1 and t o  a  va lue  s l i g h t l y  above ze ro  
I n  S3. 
The cons t ra ined  senar io ,  S4, has t h e  same t r a d i n g  p a r t n e r  desc r ip -  
t i o n  as S3 w i t h  t h e  added p rov i sos  o f  a s i g n i f i c a n t  r e d u c t i o n  o f  t h e  
energy in tens iveness  i n  i n d u s t r y ,  fewer and more e f f i c i e n t  ca rs ,  and 
b e t t e r  i n s u l a t i o n .  These assumptions a f f e c t  ma in l y  t h e  s t r u c t u r e s  of 
i n te rmed ia te  consurnption and o f  p r i v a t e  consumption. 
The r e s u l t i n g  GMP d e s c r i p t i o n s  f o r  A u s t r i a  a r e  shown i n  abso lu te  
terms i n  F igure  4 (o f  Sect,ion V ) ,  i n  pe r  c a p i t a  terms i n  F igure  2, and 
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AUSTRIAN GNP PER CAPITA 
i n  terms o f  growth r a t e s  i n  Table 2. As shown i n  t h e  two f i g u r e s ,  t h e  
development paths a re  q u i t e  s i m i l a r  t o  h i s t o r i c a l  t rends ,  espec ia l  1y 
f o r  t h e  1970-2000 per iod .  
Table 2  
GROWTH OF AUSTRIAN GNP 
(%IW 
The f a s t e s t  growing sec to rs  i n  terms o f  value-added i n  a l l  f o u r  
scenar ios are  t h e  chemical i n d u s t r y ,  mach ine ry /s tee l / l i gh t  metal  con- 
s t r u c t i o n ,  and c o n s t r u c t i o n  o f  e l e c t r i c a l  machinery and equipment. 
There I s  a s t rong  l i n k a g e  between economic growth i n  A u s t r i a  and the  
l e v e l  o f  expor ts  and impor ts .  Exports, which represented 10.5% o f  
t h e  t o t a l  consumption i n  1970, increase s t e a d i l y  u n t i l  2015 t o  30.3:; 
i n  S2, t o  24.8% i n  S1, and t o  22.1% i n  S3 and S4. On the  o t h e r  hand, 
compe t i t i ve  imports,  which represented 12.2% of  t o t a l  supply i n  1970, 
r i s e  by t h e  yea r  2015 t o  a  l e v e l  of 23.9% i n  52, 21.4% i n  51, and 
20.8% i n  53 and 54. 
I n  conclus ion,  i t  shou ld  be noted t h a t  i n  scenar ios S1 and 52, 
GNP per c a p i t a  i n  2015 would exceed the  present  value f o r  any i n d u s t r i -  
a l i z e d  na t ion .  Scenarios S3 and S4 place A u s t r i a n  GNP per c a p i t a  i n  
2015 a t  the  1974 l e v e l  of the lead ing i n d u s t r i a l  i z e d  nat ions .  
B. POPULATION 
I n p u t  da ta  about popu la t i on  a re  r e q u i r e d  m a i n l y  by the  r e s i d e n t i a l ,  
t r a n s p o r t a t i o n ,  and t h e  h e a l t h  impact models. The i n i t i a l  da ta  a re  
taken from t h e  1971 census. Popu la t i on  data  f o r  l a t e r  years  a re  der ived 
f rom an OEIR ( O s t e r r e i c l i i  sches I n s t i  t u t  f u r  ~aumplanung) -p ro jec t i on  
( V a r i a t i o n  2.1) f o r  1981 and 1991, by  i n t e r p o l a t i o n  between 1971/81191; 
and by e x t r a p o l a t i o n  beyond t h a t  per iod .  Popu la t ion  data i s  
c a l c u l a t e d  by p o l  i t i c a l  d i s t r i c t  (Bezi r k )  f o r  t h r e e  ca tegor ies :  main 
c i t i e s ,  secondary c i t i e s ,  and r u r a l  areas. T h i s  spac ia l  d i saggregs t ion  
i s  impor tant  because o f  t h e  many p o l  i c y  quest ions  concerned w i t h  
r e g i o n a l i z a t i o n  and m i g r a t i o n .  
The OEIR p r o j e c t i o n  i s  t h e  r e s u l t  o f  a  model which uses age -spec i f i c  
f e r t i l i t y ,  m o r t a l i t y ,  and m i g r a t i o n  r a tes ,  and i s  based among o t h e r  cond i -  
t i o n s  on t h e  assumption t h a t  t h e  f e r t i l i t y  r a t e s  between 1973 and 1951 w i l l  
be 10% l owe r  t han  t h e  r a t e s  observed between 1971 and 1973. The-1971 
p o p u l a t i o n  o f  A u s t r i a  was 7.46 m i l l i o n ,  and t h e  OEIR p r o j e c t i o n  f o r  
1991 i s  7.69 m i l l i o n .  I n t e r p o l a t i o n  and e x t r a p o l a t i o n  r e s u l t  i n  popu- 
l a t i o n  es t ima tes  o f  7.66 m i l l i o n  i n  1990 and 8.26 m i l l i o n  i n  2015. 
F i g u r e  3 shows b o t h  h i s t o r i c a l  p o p u l a t i o n  d a t a  and t h e  f u t u r e  es t i n l a t es  
used i n  scena r i os  S1-S4. 
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POPULATION: HISTORICAL DATA AND O E I R  ESTIMATES 
V .  ENERGY DEMAND 
Th is  s e c t i o n  presents the energy demand r e s u l t s  of  t h i s  s tudy.  
Sec t ion  A g ives  r e s u l t s  f o r  t o t a l  end-use demand, fo l lowed by sec t ions  
B through D which present  i n d i v i d u a l  sec to ra l  demands. 
A. TOTAL END-USE DEMAND 
The scenario-based i n v e s t i g a t i o n  shows t h a t  a wide range of  fu tu re  
energy use i s  p l a u s i b l e .  The fu tu re  ranges f o r  Gross Nat iona l  Product 
and end-use energy, along w i t h  h i s t o r i c a l  t rends,  are shown i n  F igure  
4. The f a c t  t h a t  much of t h e  range o f  t h e  energy use f a l l s  below 
r. 
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FIGURE 4 
AUSTRIAN GNP AND END-USE ENERGY 
t h e  l e v e l s  t h a t  would occur  i f  recent  h i s t o r i c a l  r a t e s  o f  energy 
growth were maintained, i nd i ca tes ,  i n  pa r t ,  the  s t r e n g t h  of  the  
p o l i c y  measures t h a t  have been combined w i t h i n  the  scenarios, as w e l l  
as s a t u r a t i o n  e f f e c t s  and s l ow ing  of economic growth.  Th i s  demonstrates 
t h e  broad d i s c r e t i o n a r y  power a v a i l a b l e  t o  A u s t r i a n  d e c i s i o n  and p o l i c y  
makers. 
The wide range o f  r e s u l t s  f o r  end-use energy demands becomes c l e a r  
i f  one compares t h e  va lues f o r  each sc.enario a t  t he  end of  t h e  s t udy  
p e r i o d  w i t h  t he  1971 va lues;  t h e  r a t i o s  f o r  S1, 52, S3, and S4 a re  
2.1, 3.3, 1.8,  and 1.5. 
Another way of v iew ing  t h e  end-use energy i s  t o  conve r t  t h e  f i g u r e s  
t o  p e r  c a p i t a  va lues f o r  comparison t o  o t h e r  r eg ions  o f  t h e  w o r l d .  F i g u r e  5 
Year 
FIGURE 5 
AUSTRIAN END-USE ENERGY COMPARED TO WISCONSIN 
NATIONAL ENERGY PLAN PROJECTION 
 he he P o t e n t i a l  Impacts of t h e  Na t i ona l  Energy P lan  on  Wiscons in ' s  Energy 
F igu res " ,  Energy Systems and P o l i c y  Research Group, Un i v .  o f  
Wisconsin,  June 1977. 
shows the  f o u r  scenar ios compared t o  an Energy System and P o l i c y  
Research Group p r o j e c t i o n  f o r  Wisconsin based on the  U.S. Na t i ona l  
Energy P lan  as proposed by Pres ident  Car te r .  Although the  
present  U.S .  energy use per  c a p i t a  ( IJ isconsin i s  f a i r l y  t y p i c a l )  
i s  t h e  h ighes t .  i n  t he  wor ld  f o r  any major  i n d u s t r i a l i z e d  n a t i o n ,  
t heS2scenar io  surpasses t h a t  va lue wh i l e  the S1 scenar io i s  approach- 
i n g  i t  a t  the end o f  the  per iod .  Scenarios S3 and 54 w o ~ ~ l d  place 
A u s t r i a  by 20'15 a t  l e v e l s  equ iva len t  t o  o r  h ighe r  than the h ighes t  
l e v e l s  now occur r ing  i n  Europe. 
A general  t r e n d  e v i d e n t  i n  t he  s tudy  i s  t h a t  t h e  growth r a t e s  o f  
end-use energy decl  i n e  through the  p e r i o d  1971 -201 5 f o r  a1 1  scenar ios,  
as shown i n T a b l e  3 .  
Table 3  
GROWTH RATE OF END-USE ENERGY 
(%/YR) 
The t r e n d  i s  due t o  the  d e c l i n i n g  econoniic growth r a t e s  i n  a l l  scenar ios 
as w e l l  as the  d e c l i n i n g  energy i n t e n s i t i e s  d u r i n g  niuch o f  the  pe r iod  
i n  t h e  f i v e  sec tors .  An except ion  i s  t he  52 scenar io  w!i ich does have 
some constant  o r  i n c r e a s i n g  i n t e n s i t i e s .  Th i s  general t r e n d  i s  a l s o  
e v i d e n t  i n  pr imary energy, as descr ibed i n  Sec t i on  V I  on Energy Supply. 
The d i s t r i b u t i o n  o f  end-use energy th rough t ime  f o r  each o f  the  
scenar ios  i s  shown i n  F igures  6 and 7. Petroleum, p r e s e n t l y  t h e  donji- 
nan t  energy source i n  A u s t r i a ,  ma in ta ins  a  l a r g e  share i n  a l l  scenar ios.  
An a n a l y s i s  shows s i g n i f i c a n t  s h i f t s  i n  end-use shares f o r  t he  va r ious  
end-use energy forms th rough  t ime.  As shown i n  Table 4 t h e  share o f  
coa l  drops severe ly ,  w i t h  pet ro leum a l s o  showing a  d e c l i n e .  Nat.ura1 
gas and e l e c t r i c i t y  have l a r g e  increases i n  share, w i t h  n a t u r a l  gas 
showing t h e  l a r g e s t  inc rease.  
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AUSTRIAN END-USE ENERGY (S3 and S4) 
(1012 k c a l )  
Table 4 
SHARE OF E!iD-USE TOTAL ( 7 ; )  
-P -- -- 
1971 201 5 
- --- - 
S 1  
-
S 2  
-- 
S 3  
.- 
S4 
- 
Coal & Other 2  3 13 14 14 16 
Petroleum 5 1  47 4 7  47 4 6 
Natura l  Gas 12 2  1  2  1  20 19 
E l e c t r i c i t y  14 19 18 19 19 
An i n t e r e s t i n g  observa t ion  i s  t h e  cons is tency  o f  t h e  petro lcuni  
share w i  t h i r !  t he  w i d e l y  va ry ing  t o t a l  end-use energy l e v e l s  shown i n  
F igures  6 and 7. Whi le  petro leum conserva t ion  d i d  occur  r e l a t i v e  t o  
o t h c r  energy forms, i t  was d i f f i c u l t  t o  conserve petr-oleuni so as t o  
reduce i t s  share from one scenar io  t o  anether .  Conservat ion of 
petro leum i n  scenar io  S4 r e s u l t e d  i n  conserva t ion  o f  a l l  energy forms. 
Trends i n  pr imary energy (see Sect ion  V I )  are  n o t  i d e n t i c a l  t o  
those f o r  end-use energy i n  Table 4. For example, the  growth r a t e  
f o r  e l e c t r i c i t y  f o r  the  1971 -201 5  pe r iod  i s  h ighe r  than f o r  pr imary 
na tu ra l  gas. The reverse  i s  t r u e  f o r  the  comparison o f  e l e c t r i c i t y  t o  
end-use n a t u r a l  gas. The dec l i ne  i n  the  petroleum share o f  pr imary 
energy i s  more marked and va r ied  than i t s  dec l i ne  i n  t h e  share o f  
end-use energy. The petroleunr share o f  pr imary energy i n  2015 i s  
45%, 43%, 50%, and 43% f o r  scenarios S1, S2, S3, and S4, respec t i ve l y ,  
i n  c o n t r a s t  t o  t h e  petro'leum share o f  end-IJS~ energy shown i n  Table 4. 
The growth of e l e c t r i c i t y  use i s  an ir l iportant concern i n  energy 
and investr~ ient  p lanning i n  A u s t r i a .  The growth r a t e s  o f  e l e c t r i c i t y  
use fo l l owed  the  same t r e n d  as t o t a l  energy, s t a r t i n g  w i t h  h i s t o r i c a l  
r a t e s  f o r  the  1971-1980 pe r iod  and d e c l i n i n g  t o  s i g n i f i c a n t l y  lower 
r a t e s  f o r  t h e  1990-2015 per iod,  as shown i n  Table 5. 
Table 5 
E L E C T R I C I T Y  GROlJTH RATES 
( % / Y R )  
T h e  i m p l i c a t i o n s  o f  t h i s  p a t t e r n  a r e  shown i n  F i g u r e  8.  
I + HISTORICAL DATA- -SCEN.r\RIOS I 
YEAR 
PERCENTAGE OF END-USE ENERGY SLIPPI-I ED BY E L E C T R I C I T Y  
wh ich  compares t h e  percentage o f  e l e c t r i c i t y  o f  t o t a l  end-use energy 
f o r  t h e  f ou r  cases w i t h  h i . s t o r i c a 1  development s i n c e  1947. T h e  scenar-  
IDS fo1lor.r almost  i . den t i ca1  development s t a r t i n g  w i t h  a  r a t e  exceeding 
t h a t  o f  t he  1960-1970 decade and v i r t u a l l y  s a t u r a t i n g  a t  18-19?, by the  
end o f  t he  s tudy  p e r i o d .  Th is  suggests t h a t  w i t h i n  t he  scenar ios  t he  
fo reseeab le  uses o f  t h i s  high-qua1 i t y  energy forin were f u l  l y  e x p l o i t e d  
a t  t h i s  l e v e l .  
The t r e n d s  i n  t h e  shares o f  end-use energy anlong t h e  f i v e  s e c t o r s  
a r e  shown i n  F i g u r e  9 .  Two p o i n t s  s tand  o u t  i n  t h i s  f i g u r e .  One i s  
t h e  s t a b i l i t y  o f  shares i n  t h e  f o u r  scena r i os  i n  2015 d e s p i t e  t h e  wide 
d ivergence of  energy use. 'The second p o i n t  i s  t h a t  t h e  i n d u s t r i a l  
share increases i n  each case above i t s  a l r eady  predominant share o f  
42%. I t  i s  notewor thy t h a t  t h e  t h r e e  economic s e c t o r s  - i n d u s t r i a l ,  
commercial, and a g r i c u l t u r e  - i nc rease  t h e i r  share a t  t h e  expense of  t he  
p r i v a t e  s e c t o r s  - t r a n s p o r t a t i o n  and r e s i d e n t i a l  - from 57% i n  1971 
t o  65%, 6571, 64%, and 63"/0n case S1, S2, S3, and S4, r e s p e c t i v e l y ,  
i n  2015. Even t h i s  i s  unders ta ted  i n  t h a t  an i n c r e a s i n g  p o r t i o n  o f  
t he  t r a n s p o r t a t i o n  end-use energy i s  devoted t o  f r e i g h t  use as opposed 
t o  personal  t r a v e l  as noted i n  t h e  t r a n s p o r t a t i o n  energy use assess- 
ment.  
The f a s t e s t  g row ing  s e c t o r  i n  terms o f  end-use energy i s  coninier- 
c i a 1  and s e r v i c e ,  w h i l e  t h e  s l owes t  i s  t h e  t r a n s p o r t a t i o n .  The growth 
r a t e s  shown i n  Table 6  a r e  c o n s i s t e n t  w i t h  t h e  changes i n  r e l a t i v e  shares. 
Table 6  
COMMERCIAL AND SERVICE AND TRANSPORTATION GROWTH IIV END-USE ENEEGY 
1971 -201 5 (%/Y It) 
S 1  
- -- 
52 
. - .  S 3  S 4  -- 
Conuncrcial and S c r v i  ce 2.5 3.2 2.2 1 .6  
T r a n s p o r t a t i o n  1.1 2.4 0 . 8  0.3 
As desc r i bed  i n  t h e  s e c t o r a l  d e s c r i p t i o n s ,  these  o p p o s i t e  t r e n d s  
a r e  due t o  t h e  g rowth  i n  value-added and s m a l l e r  d e c l i n e s  i n  t h e  coni- 
rnerc ia l  s e c t o r  energy i n t e n s i t y  ve rsus  a  sharp d rop  i n  energy  i n t e n s i t y  
due t o  t h e  c o n s e r v a t i o n  p o t e n t i a l  i n  t r a n s p o r t a t i o n  s e c t o r  as w e l l  as 
t h e  s a t u r a t i o n  o f  au ton iob i le  ownersh ip .  
The dominance o f  t h e  i n d u s t r i a l  s e c t o r  i n  energy use sugges ts  
t h a t  p o l i c y  measures f o r  a l t e r i n g  energy  use p a t t e r n s  must l a r g e l y  
focus on t h i s  s e c t o r .  
310.1 x 1012 k c a l  
259.3 x 1012 k c a l  
1971 
148.3 x 1012 kca l  
201 5 
493.2 x l o 1 *  kca l  
- ~ 
217.8 x 1012 k c a l  
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END-USE ENERGY SHARES BY SECTOR 
B. RESIDENTIAL SECTOR 
The r e s i d e n t i a l  energy use model f o r  A u s t r i a  i s  s t r u c t u r e d  around 
t h e  number o f  homes and t h e  average energy consun~pt ion per  home. The 
number o f  homes i s  r e l a t e d  t o  bo th  popu la t i on  and average f a m i l y  s i ze ;  
t h e  average energy consumption pe r  honle i s  c a l c u l a t e d  f rom parameters 
such as house f l o o r  area, average heat  l o s s  ( i n s u l a t i o n  l e v e l s ) ,  and 
l e v e l s  o f  app l iance ownership and use. 
Main' Scenar io Assumptions. The f o l l o w i n g  assumptions were used 
i n  a l l  scenar ios:  
(1) Demography: Popu la t i on  p r o j e c t i o n s  a re  based on t h e  OEIR r e p o r t .  
'The average f a m i l y  s ize.  dec l i nes  by a  f a c t o r  o f  .997/year from 
2.94 i n  1971 t o  2.77 i n  1990 and 2.57 i n  2015. 
(2) St ruc tu re :  Each f a m i l y  i s  assumed t o  have one home i n  the  fu tu re .  
The f u e l  mix changes over  t ime as a  r e s u l t  o f  an assumed s h i f t  
away from coa l  t o  more convenient  fue ls  l i k e  o i l ,  gas, e l e c t r i c i t y ,  
and d i s t r i c t  heat .  Th i s  s h i f t  occurs bo th  through c o n s t r u c t i o n  of 
new homes (ve ry  few new homes use coa l )  and through t h e  r e t r o -  
f i t t i n g  o f  o l d e r  homes. 
Another impor tan t  assumption i s  t h a t  liolnes w i t h  coa l -  o r  
wood-f i red s i n g l e  ovens (approx imate ly  t w o - t h i r d s  o f  a l l  homes 
i n  1971 ) heat  o n l y  ha1 f of t h e i r  f l o o r  space a t  any one t ime. 
As these homes a r e  demolished and rep laced o r  a r e  r e t r o f i t t e d  
and move t o  conven ien t  f u e l s  o r  c o a l -  o r  wood- f i red  c e n t r a l  
h e a t i n g  u n i t s ,  t h i s  assumption i s  dropped. Th i s  whole process 
i s  assumed t o  be n e a r l y  complete by t h e  y e a r  2000. 
Assumptions which va ry  over  the  four  scenar ios  are:  
(3 )  L i f e - s t y l e :  The s i z e  o f  newly cons t ruc ted  homes i s  d i r e c t l y  r e l a t e d  
t o  economic growth; t h e  annual f l o o r  area increase i s  assumed t o  
be 0.8 m21yr  u n t i  1  2000 f o r  S1, 1.0 m2/yr  u n t i  1  2000 f o r  52, and 
2  0.4 m /yr f o r  S3 and S4. For  t he  scenar io S2 a d d i t i o n a l  assumptions 
have been in t roduced which i n d i c a t e  1  ess r e s t r a i n e d  energy-use. 
The hea t i ng  hours increase 40% u n t i l  t he  yea r  2000 and t h e  h o t  water  
use increases f rom 40g/capi ta /day t o  7 0 ~ / c a p i  ta /day i n t h e  y e a r  2000. 
. S a t u r a t i o n  curves  d e f i n e  t h e  a p p l i a n c e  l e v e l s  p e r  home f o r  a  
. s e t  of  12 app l iances  ( i n c l u d i n g  washing machines, stoves, t e l e -  
v i s i o n s ,  e t c . )  and two groups o f  smal l  app l iances .  The l e v e l  and 
r a t e  o f  s a t u r a t i o n  f o r  each app l i ance  i s  r e l a t e d  t o  t h e  g rowth  o f  
GNP as g i v e n  by t h e  AUSTRIA I 1  model; t h e  energy consumption p s r  
app l i ance  p e r  home i s  cons tan t  ove r  t h e  s i m u l a t i o n  p e r i o d .  For  
S1, s a t u r a t i o n  l e v e l s  a re  reached by 2000; f o r  S2, h i g h e r  sa tu ra -  
t i o n  l e v e l s  a r e  reached by 1990, and f o r  S3 and S4, t h e  same 
s a t u k a t i o n  l e v e l s  as S1 a r e  reached by  2015. 
( 4 )  A p p l i e d  Technology: The average hea t  l o s s  p e r  home can be reduced 
t o  about 50% o f  t h e  p resen t  l e v e l  if an e f f i c i e n t  i n s u l a t i o n  p o l i c y  i s  
2 
a p p l i e d . *  The 1971 i n s u l a t i o n  s tandards (120 kca l /m / h r  hea t  l o s s  
2  f o r  s i n g l e - f a m i l y  homes, 90 kca l /m / h r  f o r  apar tments)  a r e  r e t a i n e d  
f o r  S1 and S2. F o r  t h e  o t h e r  scenar ios ,  hea t  l osses  f o r  newly  
c o n s t r u c t e d  homes a r e  decreased s tepwise  t o  6 0 n f  1971 l e v e l s  
by 2000 f o r  S3 and t o  45% o f  1971 l e v e l s  b y  2000 f o r  S4. Re t ro -  
f i t t i n g  improves pre-1971 homes by  15% f o r  S3 and by  20% by  2000 
f o r  S4. Energy e f f i c i e n c i e s  of  app l i ances  a r e  h e l d  cons tan t  f o r  
S1, S2, and S3, w h i l e  S4 assunies iniprovements i n  energy e f f i c i e n -  
c i e s  f o r  h e a t i n g  u n i t s .  
( 5 )  A1 t e r n a t i v e  Techno log ies :  Scenar ios S1, S2, and S3 assume con- 
t i n u a t i o n  o f  c u r r e n t  t echno log ies  and energy sources, w h i l e  S4 
assumes s i g n i f i c a n t  use o f  a1 t e l - n a t i v e  t echno log ies  and energy 
sources (hea t  pumps, s o l a r  energy, e t c .  ) . 
Resu l t s  and Conclus ions.  The r e l a t i v e  impor tance o f  ma jo r  end-use 
--
c a t e g o r i e s  i n  d e t e r m i n i n g  r e s i d e n t i a l  energy demand i s  shown i n  Table 7. 
The h i g h  f r a c t i o n  o f  demand due t o  space h e a t i n g  shows t h a t  i nc rease  i n  
f l o o r  space pe r  c a p i t a  and hea t  losses  due t o  i n s u f f i c i e n t  i n s u l a t i o n  
a r e  t h e  most i m p o r t a n t  f a c t o r s  i n  d e t e n n i n i n g  t h e  t o t a l  amount o f  energy 
consumed by t h e  r e s i d e n t i a l  s e c t o r .  Even w i t h  a  s t r i c t  c o n s e r v a t i o n  
pol i c y  (S4), space h e a t i n g  i s  t h e  predominant end-use ca tego ry  i n  t h e  
r e s i d e n t i a l  s e c t o r .  
* * *  Oste r re i ch i sches  I n s t i  t u t  fiir Bauforschung: "Reduzierung des 
Energ ieverbrauchs i n  Wohnungen". 
Table 7 
PERCENTAGE OF END-USES I N  TOTAL RESIDENTIAL ENERGY DEMAND 
A1 1 
Scena r i os  S 1 S2 S3 S 4 
1971 1990 2015 1990 201 5 1990 2015 1990 2015 
Space h e a t i n g  - 82% 77% 76% 77% 78% 73% 67% 73% 65% 
Water h e a t i n g  = 7% 9% 9% 10% 10% 10% 11% 10% 12% 
App l iances  = 11% 14% 15% 13% 12% 17% 22% 17% 23% 
F i g u r e  1 0  shows t h e  r e s i d e n t i a l  denland ~y energy  source  f o r  t h e  
(The values g iven w i t h i n  the bar  diagrams represent  the percentages 
I of the d i f f e r e n t  energy sources used i n  the g iven years f o r  each scenar io . )  
E = E l e c t r i c i t y  
C = Coal 
P = Petro leum 
G = Gases 
0 = Other  
A1 1 S 1 S2 S 3 S 4 
Scenar ios 
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f o u r  scenarios, coniparing h i s t o r i c a l  1971 data w i t h  t h e  r e s u l t s  f rom 
1990 and 2015. It i s  espec ia l  l y  . important t o  no te  t h a t  even w i t h  a  
s t r i c t  conserva t ion  p o l i c y  as a p p l i e d  i n  S4, t h e r e  i s  a  cons iderab le  
t ime l a g  be fo re  i t s  e f f e c t  beconies n o t i c e a b l e  i n  t he  t o t a l  r e s i d e n t i a l  
energy demand. 
For  1990 and 201 5, t he  percent  of  t o t a l  r e s i d e n t i a l  demand f o r  
each energy source i s  e s s e n t i a l l y  cons tant  across t h e  f o u r  scenar ios.  
BY 2015, .roughly 56% o f  t he  r e s i d e n t i a l  demand i s  f o r  petro leum and 
gases, which must be imported. Wi th  the  expected d e c l i n e  i n  f o s s i l  
fue l  a v a i l a b i l i t y ,  t h i s  h igh  percentage of  demand, even i n  t h e  con- 
s e r v a t i o n  scenario, i s  a  p o t e n t i a l  problem. 
However, t h e  r e s i d e n t i a l  sec to r  i s  one area where we fee l  t h e  
demand f o r  f o s s i l  f u e l s  c o u l d  be decreased ( w i t h o u t  s a c r i f i c i n g  com- 
f o r t )  by app rop r ia te  p o l i c i e s .  The key i ssue  i s  whether o r  n o t  t o  
c o n t r o l  t h e  expected c o n t i n u i n g  s h i f t  from coal  and wood t o  more 
convenient  f u e l s  such as o i l ,  gas, and e l e c t r i c i t y  (assumed i n  a l l  
four  scenar ios) .  By f o r m u l a t i n g  p o l i c i e s  e i t h e r  t o  d iscourage t .h is  
fue l  s h i f t  o r  t o  encourage a  s h i f t  t o  s o l a r  energy o r  heat  purnps 
(even t o  a  g rea te r  e x t e n t  than was assumed i n  S4), t he  demand f o r  
. f o s s i l  f u e l  cou ld  be somewhat c o n t r o l  l e d .  
C . - AGRICULTURE, INDUSTRY, AND SERVICE SECTORS 
An energy consumption submodel, based upon economic a c t i v i t y  i n  
Aus t r i a ,  ca l cu la tes  the  end-use energy consun~ption i n  the  a g r i c u l t u r a l  , 
the  i n d u s t r i a l ,  and the  commercial and se rv i ce  sec tors .  Economic 
p r o j e c t i o n s  used i n  t h i s  model a re  taken from the  AUSTRIA I 1  model, 
w h i l e  the  i n i t i a l  data on energy consumption are  extra'cted from the  
energy balance publ ished by the  OESTZ (Oesterre ich ischen S t a t i s t i -  
then Zentra lamt)  . As a  r e s u l t ,  data aggregat ion was necessary f o r  
determin ing a  cons i s ten t  data s e t .  Some masking of t rends  may 
occur  due t o  t h i s  aggregat ion,  s ince  fue l  consumption p a t t e r n s  may va ry  
f o r  t h e  d i f f e r e n t  sec to rs  i nc luded  i n  t h e  aggregat ion.  However, if t h e  
parameters assoc ia ted  w i t h  these aggregates a re  c a r e f u l l y  chosen, t h e  
v a l i d i t y  o f  t he  r e s u l t s  i s  n o t  changed. 
There a re  th ree  main types o f  var iab les  which need t o  be 
spec i f i ed  f o r  each sec to r  and year .  These are: 
(1)  value-added, as an i n d i c a t o r  f o r  t h e  a c t i v i t y  l e v e l  o f  an economic 
sec tor ;  
(2)  t o t a l  energy i n tens i veness  ( o r  s p e c i f i c  energy consumpti on), 
def ined as end-use energy consumed pe r  u n i t  o f  value-added of 
a  sec tor ;  and 
(3)  t h e  d i s t r i b u t i o n  o f  t h e  energy consumption i n  an economic s e c t o r  
among t h e  va r ious  energy forms ( f u e l  m ix ) .  
Scenar io Assumpt ions .  The va l  ue-added p r o j e c t i o n s  a r e  taken f rom 
-- -
t h e  AUSTRIA I 1  model; t hey  d i f f e r  i n  each scenar io  as shown i n  Table 8 
Table 8 
VALUE-ADDED* 
A g r i c u l t u r e  I n d u s t r y  Serv ices T o t a l  
(%) (%) ( 1  (1  og~s,o) 
1970: 7.39 33.15 59.46 354.2 
2015: 
Base Case (S1) 4.99 34.37 60.64 927.5 
H igh  Case (S2) 4.76 36.80 58.44 1242.1 
Low Case (S3) 5.06 32.48 62.47 784.9 
Low & Energy 
Conserv. (S4) 5.04 32.62 62.33 786.9 
* 
The s t r u c t u r a l  changes a r e  very  moderate on such an aggregated 
l e v e l .  However, s h i f t s  do occur  w i t h i n  t h e  i n d u s t r y  and s e r v i c e  sec- 
t o r s  which do n o t  appear i n  t h e  t a b l e .  
The energy in tens iveness  f o r  each s e c t o r  i s  determined us ing  a 
s a t u r a t i o n  curve. These curves are  s p e c i f i e d  by t h r e e  main parameters : 
(1 )  t h e  i n i t i a l  va lue  (1974); (2) the  r a t i o  between t h e  assumed energy 
in tens iveness  i n  t h e  yea r  2000 and the i n i t i a l  value; and ( 3 )  t h e  
f r a c t i o n  o f  p o t e n t i a l  change exhausted by t h e  yea r  2000. The l a s t  two 
parameters a re  scenario-dependent. 
The assumptions w i t h  respect  t o  energy in tens iveness  vary g r e a t l y  
between t-he scenar ios as shown i n  Table g I n  scenar ios S1 and S3, 
Table 9 
ENERGY INTENSIVEI,!ESS 
(Kcal/AS7,) 
A g r i c u l t u r e *  I n d u s t r p  Services** To ta l  
Base 
High 
Low 
Conserv. 
* 
Inc ludes energy consumption f o r  space heat ing.  
** 
Inc ludes  energy consumption f o r  f r e i a h t  and ~ u b l  i c  mass 
t r a n s p o r t a t i o n  
i t  i s  assumed t h a t  most sec to rs  w i  11 have an improvement i n  energy 
in tens iveness  o f  10% by the  yea r  2000. The except ions are  pr imary  
metals  and t r a n s p o r t a t i o n ,  which show l a r g e r  decreases i n  energy 
in tensiveness,  and m in ing  , t r a d e  and petroleum, which show i n c r e a s i n g  
energy in tensiveness.  
I n  scenar io  S2, an i nc reas ing  energy in tens iveness  i s  assumed i n  
most .sectors due t o  replacement of  l a b o r  by c a p i t a l .  Th i s  assumption 
imp1 i e s  t h a t  s u f f i c i e n t  energy w i l l  be a v a i l a b l e  a t  reasonable p r i ces .  
I n  scenar io  S4, a s i g n i f i c a n t  r e d u c t i o n  i n  energy in tens iveness  i s  
assumed t o  occur  due t o  l i m i t e d  resource a v a i l a b i l i t y  and h igh  costs.  
The f i g u r e s  g iven i n  Table 3 f o r  1970 and 1974 a r e  ob ta ined by 
d i 9 i d i n g  t h e  a c t u a l  f u e l  consumpt.ion i n  those years  by t h e  value-  
added as c a l c u l a t e d  froni t h e  r e s u l t s  o f  t he  AUSTRIA I 1  model. Note 
t h a t  t h e  value-added f i gu res  e x t r a c t e d  from t h e  model do n o t  i n c l u d e  
impor t  du t i es ,  and as a  r e s u l t ,  the  in tens iveness  f i g u r e s  used i n  
t h e  model a re  lower  than those a c t u a l l y  observed between 1970 and 
1974. Consider ing t h e  wide range and f l u c t u a t i o n s  i n  observed data 
i n  t h e  recen t  years ,  t h e  assumptions made i n  t h e  scenar io  a r e  con- 
s ide red  t o  be ve ry  moderate. 
The f u t u r e  f u e l  mix i s  est imated w i t h  t h e  h e l p  o f  a  t r a n s i t i o n  
m a t r i x ,  which i s  c a l c u l a t e d  f o r  each s e c t o r  so as t o  approximate t h e  
observed f u e l  m i x  p a t t e r n s  between 1970 and 1974 and become s t a t i o n a r y  
a t  a  p r e - s p e c i f i e d  d i s t r i b u t i o n .  The same mat r i ces  a re  used f o r  a l l  
scenar ios  i n  o rde r  t o  1  i m i  t t h e  number of  fac tors  t h a t  d i f f e r  between 
scenar ios.  The assumed f u t u r e  f u e l  mix  suggests a  r e l a t i v e l y  s t r o n g  
growth i n  e l e c t r i c i t y  and gas consuinption coupled w i t h  a  r e l a t i v e  
d e c l i n e  i n  f u e l  o i l  use. 
Resu l ts  and Conclusions. Despi te the  f a c t  t h a t  t h e  fue l  mix 
assumptions do n o t  va ry  between scenar ios on t h e  s e c t o r a l  l e v e l ,  t h e r e  
'are a  number o f  s i g n i f i c a n t  d i f f e r e n c e s  on the  aggregated l e v e l  ( indus-  
try, s e r v i c e s )  which a r e  a  r e s u l t  o f  t h e  va ry ing  economic s t r u c t u r e  and 
t h e  changing s p e c i f i c  energy consumption. 
I n  t h e  i n d u s t r i a l  sec tor ,  which i s  the  l a r g e s t  end-use sec to r  i n  a l l  
scenarios, petroleum use decreases from 38% o f  the  t o t a l  demand i n  1971 
t o  25% of the  t o t a l  by 2015 ( a l l  scenar ios) .  However, even w i t h  t h i s  
r e l a t i v e  decrease i n  use, t he  q u a n t i t y  o f  petroleum requ i red  f o r  
scenar io  S2 i n  2015 i s  nea r l y  150% g r e a t e r  than the  1971 usage. The 
petroleum r e q u i r e d  i n  t he  cons t ra ined o i l  scenar io (S4) i s  somewhat 
l e s s  than the  1971 l e v e l  f o r  a l l  scenar io years.  The l a r g e s t  increase 
i n  f u e l  demand by t h e  i n d u s t r i a l  s e c t o r  i s  f o r  na tu ra l  gas, which 
increases i t s  share o f  t o t a l  i n d u s t r i a l  end-use from 22% i n  1971 t o  about 
38% by 2015 i n  scenar ios S1, S2, and S3. 
Since the  i n d u s t r i a l  sec to r  cont inues t o  dominate i n  energy use, 
pol i c y  measures f o r  a1 t e r i n g  energy use pa t te rns  must focus on t h i s  
sec tor .  A d e t a i l e d  breakdown o f  i n d u s t r i a l  energy demand by source i s  
shown i n  F igure  11 . 
(The values given wj th in  the bar diagrams represent the percentages 
o f  the di f ferent  energy sources used i n  the given years f o r  each scenario.) E = E l e c t r i c i t y  C = Coal 
P = Petroleum 
G = Gases 
0 = Other 
A1 1 S 1 S 2 S 3 
Scenarios 
FIGURE 11 
INDUSTRIAL DEMAND BY SOURCE 
The f u e l  mix  i n  t h e  c o m e r c i a l  and se rv i ce  s e c t o r  ( t h e  f a s t e s t  
growing end-use sec to r )  moves toward a g rea te r  r e l i a n c e  on n a t u r a l  gas 
and e l e c t r i c i t y  over  t h e  1971 -2015 t in ie per iod .  However, petroleuni 
remains t h e  dominant f u e l  used i n  t h i s  sec tor .  Even i n  t h e  cons t ra ined  
o i l  scenar io  (S4), t he  commercial ' and s e r v i c e  sec to r  r e q u i r e s  petro leum 
f o r  meeting 65% o f  i t s  end-use needs, near ly  the  same q u a n t i t y  o f  pe t ro -  
lgum as f o r  t h e  i n d u s t r i a l  sec to r .  Conservat ion measures aimed a t  a 
f u r t h e r  reduc t i on  of petroleum demand i n  the  commercial and se rv i ce  
sec to r  cou ld  have a s i g n i f i c a n t  impact on reducing t o t a l  petroleum 
requirements. 
D . TRANSPORTATION SECTOR 
Of t h e  f i v e  sec to rs  i n  , t h e  A u s t r i a n  study,  t r a n s p o r t a t i o n  has . t h e  
s lowest  end-use energy growth i n  a l l  cases and a l l  per iods  except  f o r  
t h e  S2 scenar io  where r e s i d e n t i a l  grows s lower i n  a l l  pe r i ods  except 
1971-1980. As no ted i n  F igu re  9 ( P a r t  A ) ,  t r a n s p o r t a t i o n ' s  share of  
end-use energy dec l ines  i n  a1 1 cases from 21% i n  1971 t o  16% f o r  cases S1 and 
S4, 18% f o r  case S2, and 17% f o r  case S3 i n  2015. This  t r e n d  i s  i nd i ca -  
t i v e  of  t h e  conserva t ion  p o t e n t i a l  a v a i l a b l e  i n  the  t r a n s p o r t a t i o n  sec tor  
as we l l  as t h e  a n t i c i p a t e d  s a t u r a t i o n  of automobi le ownersh-ip growth. 
Scenario Assumptions. - The h i s t o r i c a l  development o f  automobi le 
ownership and t h e  s a t u r a t i o n  l e v e l s  used i n  t h e  scenar ios  a r e  shown i n  
F igu re  12. I n c r e a s i n g  f u e l  cos ts  and taxes a re  expected t o  end t h e  
growth i n  t h e  s i z e  o f  t h e  automobi le  i n  a l l  cases. I n  a d d i t i o n ,  i m -  
provements i n  new automobi les from the  c u r r e n t  l e v e l  o f  f u e l  economies 
(12.31/100 km) t o  8.91/100 km by 1985 i s  assumed i n  scenarios S1 and S3, 
and t o  7.01/100 km by 1990 i n  scenar io S4 due t o  these t rends i n  cos t  
and taxes as w e l l  as t o  poss ib le  p o l i c y  measures such as fue l  standards. 
F i n a l l y ,  i t  i s  expected t h a t  t h e  f u e l  economy standards i n  t h e  U.S. 
automotive markets w i l l  have a s i g n i f i c a n t  car ry -over  e f f e c t  on f o r e i g n  
automobi le manufacturers who w i l l  be requ i red  along w i t h  t h e i r  U .S. 
counterpar ts  t o  meet t h e  standards i n  t he  U.S. market.  The U.S. Energy 
P o l i c y  and Conservat ion Ac t  o f  1975 mandates an average y e a r l y  standard 
t h a t  reaches 27.5 MPG o r  8.6R/100 km f o r  t h e  1985 model yea r  f l e e t .  
Energy demand f o r  personal t r a n s p o r t a t i o n  was p ro jec ted  us ing  
an ~ u s t r i a n  v e r s i o n  o f  t h e  Wisconsin t r a n s p o r t a t i o n  model ad jus ted  
f o r  A u s t r i a n  t r a v e l  behavior .  Where personal t r a v e l  i s  i nc luded  i n  
t h e  C m e r c i a , l  and Serv ice  Sector  of t h e  AUSTRIA I 1  model, measures 
were taken t o  avo id  double-count i  ng . 
S 2 
S1, S4 
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FIGURE 12 
AUTOMOBILES AND COMBIWAGEN PER 1000 POPULATION 
F r e i g h t  energy demand was p r o j e c t e d  i n  t h e  AUSTRIA I 1  model and 
t h e  energy consumption submodel. F r e i g h t  energy i n t e n s i t y  was based 
on t h e  modal d i s t r i b u t i o n  o f  ton-km and t h e  energy i n t e n s i t y  by mode. The 
modal i n t e n s i t i e s  remain a t  p resen t  l e v e l s  f o r  r a i l  roads, barges, 
and p i p e l i n e s .  Truck i n t e n s i t i e s  decrease 20% by  1995 i n  scenar ios  
S1 and 53, and 35% by 1995 i n  S4. The p resen t  t r ends  i n  modal 
f r e i g h t  d i s t r i b u t i o n  s h i f t s  are cont inued,  reach ing  t h e  f o l l o w i n g  
d i s t r i b u t i o n  o f  ton-km: r a i l r o a d s  - 48.7%, t r u c k s  - 23.5%, 
barges - 6.4%, and p i p e l i n e s  - 21.48. I n  t h e  scena r i o  S4, a modal 
s h i f t  i s  i n c l u d e d  w i t h  t h e  r e s u l t i n g  d i s t r i b u t i o n :  . r a i l r o a d s  - 56.4%, 
t r u c k s  - 15%, barges - 8.1%, and p i p e l i n e s  - 20.5%. These compare 
I 
w i t h  t h e  1975 d i s t r i b u t i o n :  r a i l r o a d s  - 50.3%, t r u c k s  - 2 1  .I%, 
barges - 8.1%, and p i p e l i n e s  - 20.5%. 
Resul ts  - and -.- Conclusions. The dominant f u e l  i n  the  t ranspor ta -  
t i o n  sec to r  i s  petroleum, which i s  approximately equa l l y  d i v ided  
between gasol i n e  and d iese l ,  a  small remaining p o r t i o n  o f  pe t ro -  
leum being fue l  o i l  f o r  space heat ing.  I n  1971, petroleum accounted 
f o r  87% of end-use energy i n  the  t r a n s p o r t a t i o n  sec tor ,  w h i l e  i n  2015, 
t he  share was 90% i n  each of the  cases; t he  r e s t  i s  e l e c t r i c i t y ,  
coal and o t h e r  f u e l s  f o r  t r a i n s  and mass t r a n s i t .  Th.is i s  expected 
f o r  a  t r a n s p o r t a t i o n  sec to r  based on t h e  i n t e r n a l  combustion engine. 
The growth o f  energy use i n  t r a n s p o r t a t i o n  shown i n  F ig .  13 i s  
dependent on t h e  development o f  the f r e i g h t  and personal sec tors .  I n  
general,  t h e  r a t e  o f  growth o f  end-use energy slows du r ing  the  1971- 
1990 p e r i o d  w i t h  a  r e s u l t i n g  average below t h e  h i s t o r i c a l  r a t e  due 
t o  conservat ion measures taken f o r  automobiles as w e l l  as t rucks .  
The S2 case i s  an except ion  here i n  t h a t  conservat ion measures a re  
n o t  taken. The r a t e  of growth p i cks  up again a f t e r  1995 i n  t h a t  
no f u r t h e r  conservat ion measures are  implemented and growth i s  
t i e d  t o  the  con t i nu ing  popu la t i on  growth f o r  personal t r a n s p o r t a t i o n  
and t o  economic growth f o r  f r e i g h t  t ranspor ta t i on .  
Due t o  the  g r e a t e r  growth r a t e  o f  t h e  economy than  popu la t i on  
and the  l a r g e r  conse rva t i on  p o t e n t i a l  i n  t h e  personal  t r a n s p o r t a t i o n  
area, t h e  shares o f  personal  and f r e i g h t  t r a n s p o r t a t i o n  energy s h i f t  
towards f r e i g h t  d u r i n g  t h e  study pe r iod .  The f r a c t i o n  o f  gaso l i ne  use 
i n  automobi les o f  t o t a l  t r a n s p o r t a t i o n  energy s h r i n k s  f rom 49% i n  1971 
t o  40% f o r  cases S1 , S3, S4, and 41% f o r  S2 i n  201 5. 
The s i n g l e  most e f f e c t i v e  method t o  conserve t r a n s p o r t a t i o n  energy 
i n  A u s t r i a  i s  t h e  adopt ion  o f  f u e l  economy standards f o r  automobi les. 
T h i s  a1 lows t h e  r e d u c t i o n  of energy use w i t h o u t  reduc ing  t r a v e l .  The 
p r imary  r e s u l t  o f  t h e  adopt ion  of  standards would be a movement t o  l e s s  
powerfu l  , 1  i g h t e r ,  and smal l  e r  au tomobi 1  es . 
F igu re  14 i n d i c a t e s  the  s e n s i t i v i t y  o f  f u e l  consumption f o r  a  
g i v e n  amount o f  v e h i c l e  k i l ome te rs .  For  a  base case ownership o f  390 
v e h c i l e s  p e r  1000 popu la t i on ,  moving f rom p resen t  average v e h i c l e  
e f f i c i e n c i e s  o f  12.3 k/100 km t o  3.9 L/100 km as i n  case S1, redv$..es 
energy consumption 28% i n  2015 from 26.3 x 1012 Kcal t o  19.0 x  1 0  kca l .  
An even h ighe r  e f f i c i e n c y  o f  7.0 L/100 km reduces gasol i n e  consumption 
43% t o  14.9 x l o t L  Kcal ,  f o r  a  t o t a l  sav ings o f  11.4 x 1012 Kcal.  T h i s  
represents 6.7% of t o t a l  p r imary  petroleum use i n  scenar io S1 i n  2015. 
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FIGURE 14 
AUTO TRANSPORTATION ENERGY: FUEL ECONOMY SENSITIVITY-FOR 
SCENARIO S1 
It should be noted t h a t  these r e l a t i v e  savings for any l e v e l  of 
v e h i c l e  m i l e s  would be avai  lab1 e by 2000 i f  the  f u e l  economy measures 
were gradual ly  implemented i n  the 1980-1990 decade, due t o  the  r a p i d  
r a t e  o f  turnover  o f  the  automobile stock. 
V I . .  ENERGY SUPPLY 
Energy supply i n  t he  scenarios was matched t o  end-use energy 
demands and was formulated around var ious a l t e r n a t i v e  energy supply 
assumptions. Although no formal supply model was used i n  the  develop- 
ment o f  these scenarios, a wide range o f  pol i c y  issues was examined. 
The s e t  of supply scenar ios presented i n  P a r t  (A) o f  t h i s  s e c t i o n  i s  
n o t  considered t o  have a g r e a t e r  l i k e l i h o o d  than o t h e r - s c e n a r i o s  which 
a r e  based. on d i f f e r e n t  s e t s  o f  p o l i c y  assumptions. However, t h e  
scenar ios  c l e a r l y  show t h e  f u t u r e  imp1 i c a t i o n s  o f  a1 t e r n a t i v e  energy 
supply s t r a t e g i e s  t h a t  r e s u l t  f rom the  p o l  i c y  issues considered. 
I n  a d d i t i o n  t o  t h e  supply scenarios, a formal  resource a l l o c a t i o n  
model was appl i e d  t o  t h e  S1, S2, and 53 1990 end-use demands. The 
model, which examines i n t e r f u e l  s u b s t i t u t i o n  s t r a t e g i e s ,  was used t o  
c a l c u l a t e  an opt ima l  supply s t ra tegy  based on economic and resource 
a v a i l a b i l i t y  c r i t e r i a ,  as descr ibed i n  P a r t  €3. 
A. SUPPLY SCENARIOS 
A nuinber o f  separate analyses served as a bas is  i n  t h e  d e l i n e a t i o n  
o f  p o l i c y  issues and i n  t h e  s p e c i f i c a t i o n  o f  a l t e r n a t i v e  energy supply 
assumptions. These inc luded:  (1  ) an ana lys i  s o f  t h e  h i s t o r i c a l  Aus t r i an  
energy supply system; (2)  account ing f o r  t h e  announced c o n s t r u c t i o n  
p lans  o f  t h e  e l e c t r i c  u t i l i t y  companies; ( 3 )  an examinat ion o f  do~ l les t ic  
resource suppl i e s  ( i n c l u d i n g  long-term resource a v a i l a b i  1 i t i e s )  ; 
(4') an assessment of  f u t u r e  f u e l  impor t  and e x p o r t  con t rac ts ;  and 
(5) a rev iew o f  o t h e r  energy supply s t u d i e s  and forecasts.*  
I t  was assumed i n  t h i s  ana lys i s  t h a t  supp l ies  o f  va r i ous  energy 
resources would be unconstrained, i.e., supp l ies  would be adequate f o r  
meeting pr imary energy demands. However, s ince o i  1 suppl i e s  may become 
more l i m i t e d  i n  t he  nex t  10-15 years, supply scenar io S4 assumes the  
implementat ion o f  s t r i c t  o i l  conservat ion measures. The o i l  demands 
*Energiepl an 1976, Bundesmini s t e r i  um f u r  Handel , Gewerbe, und Indus- 
t r i e ,  September 1976. 
I ndus t r i e - ,  Markt-.,und Energiestudie,  Aus t r i an  O i l  Companies, 
January 1977 ( "  IMES- I V "  Study). 
from t h i s  scenar io were compared w i t h  est imates o f  A u s t r i a ' s  f u tu re  
o i l  imports  (based on fo recas ts  o f  wor ld  o i l  reserves and product ion  
r a t e s )  i n  o rder  t o  e luc ida te  poss ib le  petroleum s h o r t f a l l s  i n  t h e  
f u t u r e .  
Scenario demands have been d i v i d e d  i n t o  two ca tegor ies  i n  t h i s  
ana lys is ,  e l e c t r i c  and n o n - e l e c t r i c .  I n  the  e l e c t r i c  category, 
pr imary energy i s  dependent on f u e l  mix, convers ion , e f f i c i e n c i e s ,  and 
t ransmiss ion and d i s t r i b u t i o n  losses.  The non -e lec t r i c  demands, 
discussed i n  Sec t i on  V, a r e  added t o  the  pr imary energy requ i red .  
by the  e l e c t r i c  sectors t o  o b t a i n  t o t a l  pr imary energy use requirements. 
E l e c t r i c i t y  Assumptions. The mai n  pol i c y  issues under ly ing  the  a1 t e r -  
n a t i v e  e l e c t r i c i t y  fu tu res  examined i n  these scenarios were: 
(1) t he  a c c e p t a b i l i t y  of nuc lear  power; (2) t h e  r a t e  o f  hydropower 
expansion'; ( 3 )  t h e  l e v e l s  o f  e l e c t r i c i t y  impor ts  and expor ts ;  and 
(4 )  expansion o f  t h e  f o s s i l  - f u e l  genera t ion  base. These four  key 
p o l i c y  i ssues  l e d  t o  t h e  f o l l o w i n g  s e t  o f  scer lar io  assunlptions: 
Scenario S1: Restra ined acceptance o f  nuc lea r  power; one 730 MbJe p l a n t  
o p e r a t i n g  i n  1990 and two 1300 MlJe p l a n t s  ope ra t i ona l  by 2015. 
Steady development o f  hydropower t o  a s a t u r a t i o n  l i m i t  o f  
9  44.1 x 10 k\Jh i n  2015 (1 0% o f  which i s  expor ted) .  In ipor ts  of 
9  9  e l e c t r i c i t y  i n c r e a s i n g  from 2.2 x 10 kwh i n  1971 t o  6.9 x 10 kWh 
i n  1990; cons tant  t h e r e a f t e r .  Fossi  1 - f u e l  genera t ion  r e l a t i v e l y  
stab1 e  through 201 5. 
Scenario S2: Large nuc lea r  pene t ra t i on ;  one 730 NWe p l a n t  o p e r a t i n g  
-.--- 
i n  1990 and f i v e  1300 MWe p l a n t s  o p e r a t i o n a l  by 2C15. Hydropowet- 
f u l l y  e x p l o i t e d  by  2000 and a  gradual  r e d u c t i o n  i n  expo r t s  f rom 
10% i n  2000 t o  zero  i n  2015. Impor ts  increase f rom t h e  1971 l e v e l  
9 t o  11.7 x 10 kwh by  1990; cons tan t  t h e r e a f t e r .  Expansion o f  the  
9 f o s s i l - f u e l  genera t i on  base from 12.6 x  10 kwh i n  1971 t o  
21.3 x  l o9  kwh i n  2015. 
Scenar io S3: -- Nuclear  c a p a c i t y  r e s t r i c t e d  t o  one 730 MWe p l a n t  which i s  
r e t i r e d  by 2015. Hydropower development arid in.lports and expo r t s  
as i n  S1. Expansion o f  t h e  f o s s i l - f u e l  genera t i on  base from t.he 
1971 l e v e l  t o  17.3 x  10' kwh i n  2015. 
Scenar io  S4 : No nucl  ea r  permi t ted.  Hydropower devel opment and impor ts  
and expo r t s  as i n  S1. Petroleum used f o r  e l e c t r i c i t y  phased o u t  
between 1990 and 2000. E l e c t r i c i t y  gene ra t i on  from l i g n i t e  and 
gas cons tan t  a f t e r  1900. 
Resu l t s  and Conclus ions.  F i gu re  15 shows t o t a l  p r imary  energy 
requi rements  f o r  scenar ios  S1-S4, comparing t h e  scenar io  years  1990 
and 2015 w i t h  h i s t o r i c a l  1971 da ta .  The p r imary  energy requi rements  i n  
2015 f o r  scena r i o  S1 a r e  110%grea te r  t han  t h e  1971 l e v e l ,  r ep resen t i ng  
a  1  .7% average annual growth r a t e  i n  t o t a l  p r imary  energy supp ly  
r e q u i  re~ i ien ts .  Scenar io  S2, which i s  based upon o p t i m i s t i c  economic 
12 growth r a t e s ,  shows t o t a l  requ i rements  i nc reas ing  t o  626.1 x 10 Kcal 
by 2015, cor responding t o  an average annual growth r a t e  o f  2.9%. 
The low economic growth scena r i o  S3 e x h i b i t s  an annual i n c rease  o f  
o n l y  1.2% i n  t o t a l  p r imary  requi rements  over t h e  1971 l e v e l .  A d d i t i o n a l  
conse rva t i on  measures imposed i n  scena r i o  S4 r e s u l t  i n  a  low annual growth 
r a t e  o f  -70%. 
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It shou ld  be noted t h a t  t he  growth o f  t h e  A u s t r i a n  economy, 
i n  t e r n s  of GNP, i s  g r e a t e r  t han  t h a t  f o r  p r imary  energy. The r a t i o  
o f  t o t a l  p r imary  energy t o  GNP decreases over  t i m e  i n  a1 1 scenar ios 
as shown i n  Table 10. F i gu re  16 shows h i s t o r i c a l  da ta  and scena r i o  
r e s u l t s  f o r  GNP and p r imary  energy use. 
Table 10 
RATIO OF TOTAL PRIMARY ENERGY TO GNP 
(100 Kcal/GNP AS70) , 
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Tota l  p r i r~ ia ry  energy requirements have been disaggregated by fue l  
--
type i n  F igure 17. The r e l a t i v e  i~i iportancc of  fuels  and long-range 
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fuel demand trends a re  graphical  l y  il l u s t r a t c d .  Both hard coal and 
1  i g n i t e ,  which each represent 11% of primary energy i n  1971, decl ine  i n  
s i g n i f i c a n c e  by 201 5 i n  a l l  scenarios. The two energy sources which 
show a  c l e a r  increase i n  importance over t ime a re  hydropower i n  the  
l o w  (53) and c o n s e r v a t i o n  (54)  scena r i os ,  and n u c l e a r  power i n  t h e  base 
( S l )  and h i g h  (52 )  scena r i os .  
T o t a l  e l e c t r i c i t y  gene ra t i on  requi rements  f o r  t h e  f o u r  scenar ios  a re  
i l l u s t r a t e d  i n  F i g u r e  18, a long  w i t h  h i s t o r i c a l  data  f o r  t h e  1945-1371 
p e r i o d .  A  comparison between t he  h i g h  g rowth  scena r i o  (S2) and t h e  
conse rva t i on  scena r i o  (S4) shows t h a t  S2 r e q u i r e s  over  t w i c e  as much 
e l e c t r i c i t y  i n  2015. Th i s  l a r g e  i nc rease  would l e a d  t o  ex t reme ly  h i g h  
l e v e l s  o f  f u e l  impo r t s .  I n  a l l  scenar ios ,  except  S2, t h e  growth i n  
e l e c t r i c i t y  i s  l e s s  t han  h i s t o r i c a l  t r e n d s .  
ELECTRICITY GENERATION: HISTORICAL DATA AND SCENARIOS, S1-S4 
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The mix o f  f u e l s  used i n  the  generat ion o f  e l e c t r i c i t y  v a r i e s  
between the  four scenarios, as shown i n  F igu re  19. This 
H  = Hydroe lec t r i c  
N  = Nuclear 
A1 1  S 1  S 2  S 3  S 4  
Scenarios 
FICoURE 19 
ELECTRICITY GENERATION BY SOURCE, S1 -S4 
v a r i a t i o n  i s  a  r e s u l t  o f  t he  wide range o f  e l e c t r i c i t y  demands and the  
f u e l  use t rends  t h a t  r e s u l t e d  from s p e c i f i c  p o l i c y  assumptions. I n  t h e  
base case scenar io,  t h e  e l e c t r i c i t y  demand i n  2015 was met through f u l l  
e x p l o i t a t i o n  o f  hydropower ( i nc reas ing  from 45% i n  1971 t o  53% o f  
requirement i n  2015) the  ope ra t i on  of two 1300 MWe nuclear  p lan ts  (Z lX) ,  
9  imports  o f  6.9 x 10 kwh (9%),  and the  operat ion o f  f o s s i l - f i r e d  p lan ts  
a t  l e v e l s  o n l y  s l i g h t l y  h igher  than i n  1971 (17%).  
The very  h i g h  e l e c t r i c i t y  demands i n  2015 i n  scenar io S2, n e a r l y  f o u r  
and one-half  t imes the  1971 l e v e l ,  could be supp l ied  through the  con- 
s t r u c t i o n  of  f i v e  1300 MWe nuclear  p lan ts  (34% o f  t o t a l ) ,  f u l l  e x p l o i t a -  
t i o n  o f  hydropgwer (38%), h i g h  l e v e l s  o f  e l e c t r i c i t y  impor ts  ( l o % ) ,  and 
expansion o f  t h e  f o s s i l - f u e l  genera t ion  base (18%) - Th is  "h igh"  
n u c l e a r  f u t u r e  c o u l d  have a number o f  ma jor  environmental and p o l i c y  
i m p l i c a t i o n s .  
I n  c o n t r a s t  t o  these h i g h  deniand scenar ios,  t he  low e l e c t r i c i t y  
requi rements of  S3 c o u l d  be niet w i t h  no n u c l e a r  power a f t e r  Zwentendorf. 
Th i s  cou ld  be accomplished by f u l l y  e x p l o i t i n g  hydropower, expanding 
e l e c t r i c i t y  imports ,  and by a slow expansion (about  7%) o f  f o s s i l - f u e l e d  
c a p a c i t y  between 1971 and 2015. 
The s t i l l  lower  e l e c t r i c i t y  requi rement  o f  54 i n  2015, o n l y  a 
f a c t o r  o f  two g r e a t e r  than the  1971 l e v e l ,  cou ld  be met w i t h  no 
nuc lea r  power and no o i l  - f i r e d  genera t ion .  T h i s  c o u l d  be accomplished 
i n  a manner s i m i l a r  t o  scenar io S3, w i t h  the  except ion  t h a t  coa l -  
and g a s - f i r e d  genera t ion  cou ld  be mainta ined a t  1971 l e v e l s .  
Petroleum S h o r t f a l l  s  . The present  u n c e r t a i n t y  surrounding w o r l d  
petroleum reserves and product ion  ra tes ,  and i t s  impact on f u t u r e  supply 
avai  1 a b i  1 i ty, i s  an extremely impor tan t  concern i n  developing a compre- 
hensive energy supply s t r a t e g y .  Resul ts  o f  recen t  s tud ies  f o r e c a s t  
p o t e n t i a l  petroleum s h o r t f a l l  s  developing i n  t h e  n i d -  t o  1 ate-1980's.  
Our s tudy  has est imated A u s t r i a ' s  f u t u r e  o i l  supp l ies  us ing  a wor ld  
* 
f o r e c a s t  developed by  the  Workshop on A1 t e r n a t i v e  Energy S t r a t e g i e s  (WAES) . 
The petroleum supply curve was based on t h e  33 M i l l i o n  B a r r e l s  o f  O i l  
Per Day (MBOD) product ion  1 i m i  t (non-communist coun t r i es )  scenar io  w i t h  
a reserve  a d d i t i o n  r a t e  of 10 b i l l  i o n  b a r r e l s  per  y e a r  and 3% economic growth. 
The WAES supply curve peaks s h o r t l y  a f t e r  1990. 
As a b a s i s  of comparison o f  supply and deniand i n  Aus t r i a ,  petroleum 
imports  t o  A u s t r i a  were assumed t o  decrease a t  the  same r a t e  as t o t a l  
wo r ld  p roduc t i on .  Th is  leads t o  a petroleuni s h o r t f a l l  o f  20 m i l l  i o n  b a r r e l s  
o f  o - i l  .- per  y e a r  (about 0.05 MBOD) by 201 5. I n  scenar io  S4, as ill u s t r a t e d  
i n  ~ i ~ u r e  20, t h i s  s i z e a b l e  s h o r t f a l l  develops d e s p i t e  t h e  low growth i n  
energy demand r e s u l t i n g  from conserva t ion  measures, 1 ower economic growth, 
* 
Wilson, C a r r o l l .  Energy: Global Prospects 1985-2000. McGraw-Hill, 
New York, 1977. 
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and the  phasing out  o f  petroleunl fo r  e l e c t r i c a l  'generation . 
Petrol  eum Demand 
- -F 
or- J. 
1970 1980 1990 2000 2010 2015 Year 
, , 
FIGURE 20 
DIVERGENCE BETWEEN DErvlAND AND ESTII IATED PETROLEUb1 
SUPPLY I N  SCENARIO S4 
B. RESOURCE SUPPLY OPTIMIZATION 
A d e t a i l e d  study o f  i n t e r f u e l  compet i t ion w i t h i n  the Aus t r ian  
energy supply system was made for  t l ie  year 1990. Reference energy 
systems were developed fo r  scenarios S1, SZ, and 53. The ana lys is  
was performed us ing the Brookhaven Energy System Opt imizat ion Model. 
BESOM,* which i s  a resource a l l o c a t i o n  model designed t o  examine 
l n t e r f u e l  s u b s t i t u t i o n  w i t h i n  a framework o f  cons t ra in ts  on the  
* 
Hoffman, K.C. A Linear Pro~ranmiing Model o f  the Nat ion's Encrqy -
System, Brookhaven ~a- tTona l  Laboratory. February 1 !%j-3- 
a v a i l a b i l i t y  of competing resources and techno log ies  and t h e i r  asso- 
c i a t e d  cos ts .  For  t h i s  study, a ve rs ion  o f  t h e  Brookhaven model was 
m o d i f i e d  t o  r e f l e c t  t h e  s p e c i f i c  c h a r a c t e r i s t i c s  and s t r u c t u r e  of the  
Aus t r i an  energy system, i n c l u d i n g  approp r ia te  technologies,  c o e f f i -  
c i e n t s ,  and cos ts .  
Assumptions, - Adequate supp l ies  o f  1  i g n i t e ,  o i l  , and na tu ra l  
gas were assumed, and these f u e l s  were a1 lowed t o  compete f o r  end-use 
demands on an economic bas is .  I n  a d d i t i o n ,  h y d r o e l e c t r i c  power was 
a l lowed t o  a c t i v e l y  compete w i t h  t h e  f o s s i l  f u e l s  f o r  e l e c t r i c a l  sec to r  
demands. Upper f u e l  use bounds were s p e c i f i e d  and a  niaxirnum hydro 
9  genera t ion  l i m i t  was imposed (34.5 x 10 kwh). Th is  l i m i t  represents 
t h e  hydro genera t ion  p r o j e c t e d  i n  the  r e v i s e d  Energieplan.  -- D i r e c t  
end-use demands f o r  hard coa l  , 1 i g n i t e ,  o i  1  , na tu ra l  gas, and wood 
and waste products were const ra ined t o  the  l e v e l s  o f  consumption spec i -  
f i e d  i n  t h r e e  1990 scenar ios.  Nuclear genera t ion  was he ld  f i x e d  i n  
each o f  the  cases. 
Power p l a n t  c a p i t a l  c o s t s  f o r  thermal e l e c t r i c  genera t ing  s t a t i o n s  
were such t h a t  n u c l e a r  had t h e  h ighes t  cos t  pe r  kWe i n s t a l l e d ,  f o l l o w e d  
by coal ,  o i l ,  and gas. H y d r o e l e c t r i c  p l a n t s  were assigned c a p i t a l  
cos ts  o f  n e a r l y  t w i c e  t h a t  o f  coal p e r  kble i n s t a l l e d .  Annual ope ra t i on  
and maintenance c o s t s  were g e n e r a l l y  about 3-4% o f  t h e  p l a n t  c a p i t a l  
costs.  Fuel p r i c e s  were s e t  based on a  crude o i l  p r i c e  o f  $13/bbl 
and a uranium p r i c e  o f  $35/ lb  U30g The o b j e c t i v e  f u n c t i o n  minimized 
i n  t h i s  a n a l y s i s  was t o t a l  system cost ,  which r e f l e c t s  c a p i t a l  cos ts ,  
o p e r a t i o n  and maintenance cos ts ,  and fue l  cos ts .  
Resu l ts  and Conclusions. I n  each o f  t h e  th ree  cases, ana lys i s  
o f  BESOM r e s u l t s  showed l i g n i t e  p rov id ing  rough ly  14% o f  t h e  
e l e c t r i c i t y  genera t i on  i n  1990, and account ing  f o r  8X o f  A u s t r i a ' s  
t o t a l  p r imary  energy requirements. I n  c o n t r a s t ,  o i l -  and g a s - f i r e d  
genera t ion  toge the r  p rov ided  o n l y  about 1 3 1  of t h e  e l e c t r i c a l  s e c t o r  
supply needs, a l t hough  they  accounted f o r  n e a r l y  65% o f  t h e  t o t a l  
energy supply requ i  rements . For perspect ive,  the resu l  t s  o f  t he  
supply scenarios ( P a r t  A )  showed l i g n i t e  meeting on ly  about 6% o f  t he  
e l e c t r i c i t y  requirements i n  1990, w h i l e  o i l -  and g a s - f i r e d  generat ion 
supp l ied  between 18-25% o f  t he  t o t a l  e l e c t r i c a l  sec to r  needs. I n  
e f fec t ,  t h e  importance o f  e l e c t r i c a l  energy supp l ied  by o i l -  and gas- 
f i r e d  generat ion and by l i g n i t e - f i r e d  generat ion was reversed compared 
t o  the  r e s u l t s  of t h e  scenar io ana lys is .  
The main r e s u l t  o f  t h e e c o n o ~ n i c o p t i m i z a t i o n  procedure was the  
n o t i c e a b l e  fue l  s h i f t  i n  t h e  e l e c t r i c a l  s e c t o r  away f rom o i l  and gas 
to\.rard a  g rea te r  use o f  l i g n i t e .  This  s h i f t  i s  dependent upon 
severa l  impor tan t  c o n s t r a i n t s ,  i n c l u d i n g  adequate f u t u r e  supply l e v e l s  
of l i g n i t e  and a  compet i t i ve  p r i c i n g  s t r u c t u r e  r e l a t i v e  t o  gas and 
o i l .  Fur ther ,  environmental c o n s t r a i n t s  (no t  used i n  t h i s  a n a l y s i s )  
may p l a y  an impor tan t  r o l e  i n  dec id ing  the  fu tu re  l e v e l s  o f  l i g n i t e  
use i n  t he  Aus t r i an  e l e c t r i c a l  sec tor .  However, t h e  a n a l y s i s  does 
suggest t h e  need f o r  a  c l o s e r  examinat ion of l i g n i t e  use f o r  
e l e c t r i c i t y  , and i t s  f u tu re  use should be c a r e f u l l y  considered, es-  
p e c i a l l y  i n  l i g h t  o f  p o s s i b l e  o i l  supply shortages i n  t h e  n e x t  10-20 
years.  The p o t e n t i a l  c u r t a i l m e n t  o f  o i l  supp l i es  cou ld  necess i ta te  
a s h i f t  i n  t he  e l e c t r i c a l  sec to r  toward a  g r e a t e r  r e l i a n c e  on l i g n i t e ,  
a  reversa l  from cu r ren t  t rends.  
Although t h e  market p e n e t r a t i o n  l e v e l s  o f  nuc lea r  power were h e l d  
f i x e d  i n  each o f  t h e  t h r e e  cases, an ana lys i s  o f  t h e  marg ina l  values 
f o r  urati ium i n d i c a t e d  t h a t  nuc lea r  f u e l  would be compe t i t i ve  w i t h  
$13/bbl o i l  a t  a  U308 p r i c e  o f  up t o  rough ly  $40/ lb.  Resu l ts  a l s o  
tended t o  show a  lower  l e v e l  of  h y d r o e l e c t r i c  c a p a c i t y  than was fo re -  
c a s t  i n  e i t h e r  t he  Energieplan o f  A u s t r i a  o r  t h e  "IMES-IV" Study. 
T h i s  t r e n d  was probably a t t r i b u t a b l e  t o  the  h i g h  c a p i t a l  c o s t  
es t imates  used f o r  new h y d r o e l e c t r i c  p lans r e l a t i v e  t o  those used 
f o r  o t h e r  c e n t r a l  s t a t i o n s .  However, t h e  hydro c a p i t a l  cos ts  were 
o f f se t  t o  some ex ten t  by t h e  h igh  conversion e f f i c i e n c y  ( .796) assumed i n  
the  c a l c u l a t i o n s .  
A simp1 i f i e d  re fe rence  energy system diagram corresponding t o  the  1990 
S1-demand scenario i s  shown i n  F igure  2 1 .  This diagram t races  the  f low 
of primary resource energy through the Austr ian energy system. 
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V I  I .  --. ENVI RONFlENTAL IHPLICATIONS 
A l a r g e  s e t  of environmental impacts due t o  energy use i n  A u s t r i a  
i s  c a l c u l a t e d  f o r  each scenar io  by t h e  environmental s i m u l a t i o n  models. 
The models, developed a t  t h e  U n i v e r s i t y  o f  Wisconsin and I I A S A  f o r  
r e g i o n a l  s tud ies ,  have been reparameter ized and adapted t o  A u s t r i a n  
c o n d i t i o n s .  
The c a l c u l a t e d  impacts r e s u l t  from both  end-use energy demand 
and pr i r r~ary  energy requirements and i n c l u d e  the  e n t i r e  f u e l  chain.  
Impacts a t  each p o i n t  i n  the  f u e l  cha in  a re  ca l cu la ted ,  f rom impacts 
a t  the  p lace o f  e x t r a c t i o n  o f  the raw fc.2:, through processing and 
t r a n s p o r t a t i o n  impacts, t o  impacts from burr i ing the  f u e l .  Th is  means 
t h a t  impacts occu r r i ng  both i n s i d e  and outs ide  o f  A u s t r i a  a re  tabu la ted  
The impacts c a l c u l a t e d  by the  environmental model s  a r e  c a l  l e d  
" q u a n t i f i e d  impacts."  They do n o t  represent  a l l  o f  t h e  impacts known 
t o  occur;  the  q u a n t i f i e d  envil-onmental impacts a r e  those impacts 
which we judge t o  have an adequate s c i e n t i f i c  bas i s  f o r  t h e i r  evalua-  
t i o n  and i n c l u s i o n  i n  the  models. Only those irrlpacts r e s u l t i n g  
d i r e c t l y  from the  use of energy are ca lcu la ted .  Impacts a re  ca l cu la ted  
fo r  each s imu la t i on  year ;  time-dependent ca l cu la ted  changes, stemming 
from regu la t i ons  o r  techno log ica l  advances are taken i n t o  account. 
The environmental models c a l c u l a t e  impacts a long t h e  f u e l  chains 
f o r  coa l ,  nuc lear ,  o i  1  and gas systenis, i n c l u d i n g  impacts connected 
w i t h  e l e c t r i c i t y  generat ion,  and a i r  p o l l u t i o n  impacts due t o  end-use 
combust i o n  of fue ls .  The a i r  po l  1 u t i o n  impacts a re  p r i n l a r i  l y  concerned 
w i t h  human h e a l t h  a t  t he  urban l e v e l .  For manageabil i t y ,  o n l y  a  smal l  
subset of t h e  q u a n t i f i e d  impacts was chosen f o r  p resen ta t i on  here. Table 
11 presents a  rep resen ta t i ve  se t  of impact ca tegor ies  and t h e i r  measures. 
Eva lua t i on  o f  t h i s  s e t  of  impacts presents o n l y  one p i c t u r e  of t h e  
environmental s t a t e  of t h e  system; however, i t  can prov ide  i n s i g h t  
f o r  assessing some of t he  energy-re lated environmental issues 
i n  A u s t r i a .  A more ex tyns i ve  d e s c r i p t i o n  of impacts w i l l  be presented 
i n  t he  f j f i a l  r e p o r t  f o r  t h i s  study. The l i m i t e d  s e t  i s  d iscussed 
b r i e f l y  below. 
Table 11 
Selected Q u a n t i f i e d  Environmental Impacts 
(1) Human Hea l th  and Sa fe ty  
F a t a l i t i e s  
Occupat ional  Accidents 
P u b l i c  Accidents 
Occupat ional  Hea l th  
Pub1 i c  Hea l th  
Annual Deaths 
Annual PDL* 
Annual PDL 
Annual PDL 
Annual PDL 
(2) Land Use f o r  Resource E x t r a c t i o n  2  Km /year  
(3) Land Use f o r  F a c i l  i t i e s  
( 4 )  Radioac t ive  Waste' Produced Tons/year 
( 5 )  SO2 Emissions Tons/year 
Human H e a l t h  and Safety i s  r e c e i v i n g  cons iderab le  a t t e n t i o n  i n  
A u s t r i a .  Many o f  t h e  c u r r e n t  d iscuss ions  address t h e  s e t t i n g  of  
env i  ronrnental s tandards t o  p r o t e c t  human heal t h  . Occupational 
'acci dents, occupat ional  deaths, and occupat ional  h e a l t h  comprise t h e  
r o u t i n e  acc idents  and exposures t h a t  occur  i n  t he  f u e l  c y c l e  t o  supply 
energy; they represent  " vo lun ta ry "  exposure t o  r i s k  o f  i n j u r y .  Pub l i c  
accidents, deaths and h e a l t h  represent  the  " i n v o l u n t a r y "  r i s k s  soc ie t y  
i s  exposed t o  from the  energy system. The u n i t s  o f  measurements are 
deaths and Person-Days-Lost (PDL) . The concept o f  PDL combines 
d i f f e r e n t  types o f  acc idents  and sickness i n t o  one measure. Each 
type of acc ident  o r  sickness has, on the  average, a  c h a r a c t e r i s t i c  
number o f  days o f  meaningful i n t e r a c t i o n  per i n d i v i d u a l  t h a t  are 
l o s t  t o  soc ie t y .  For  example, if workers i n j u r e d  i n  a  p a r t i c u l a r  
type of i n d u s t r i a l  ope ra t i on  l ose  an average o f  30 days of work 
per  i n j u r y ,  t h i s  represents  30 PDL per  i n j u r y .  To ta l  PDL i s  d i v i d e d  
i n t o  " i n s i d e "  and "ou ts ide "  Aus t r i a ,  because the re  i s  u s u a l l y  more 
concern w i t h  PDL o c c u r r i n q  w i t h i n  A u s t r i a .  
* 
PDL = - Person-Days-Lost - 
- 
Land use impacts are i nc l uded  i n  Table 11 because o f  t h e  q u a n t i t i e s  
o f  l a n d  devoted t o  s i t e s  o f  energy f a c i l i t i e s .  Land use serves as an 
i n d i c a t o r  o f  clany a s t h e t i c  impacts o f  t h e  energy system, f o r  example, 
power p l a n t s  w i t h  t a l l  stacks, cool i n g  towers d o t t i n g  t he  landscape, 
o r  t h e  i n c r e a s i n g  number o f  t ransmiss ion  l i n e s  r e q u i r e d  t o  t r a n s p o r t  
e l e c t r i c i t y .  
Rad ioac t i ve  waste produced i s  i nc l uded  i n  view o f  t h e  nuc lea r  
con t roversy  i n  A u s t r i a ,  and t h e  assoc ia ted  concern about waste ' d i  s- 
posa l .  T h i s  impact i s  one i n d i c a t o r  o f  long- term comnitments mdde by 
s o c i e t y  f o r  t h e  safeguarding o f  nuc lea r  wastes. 
SO emissions a re  inc luded  i n  response t o  concern w i t h  t h e  s e t t i n g  
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o f  a i r  p o l l u t i o n  standards i n  A u s t r i a .  They a re  one i n d i c a t i o n  o f  
t h e  issues and problerns i nvo l ved  i n  p o l l u t i o n  abatement s t r a t e g i e s ,  
i n c l u d i n g  s tandard s e t t i n g ,  where human h e a l t h  i s  an impo r tan t  con- 
s i d e r a t i o n .  
Resu l t s  and Conclusions. Table 12 compares r e s u l t s  f o r  se lec ted ]  
annual impacts w i t h i n  A u s t r i a  i n  the years  1971 and 201 5. 
Table 12 
F a t a l i t i e s  w i t h i n  A u s t r i a  18 2.4 3.9 2  .O 1.5 
(Deaths/year)  
T o t a l  PDL w i t h i n  A u s t r i a  
( l o 3  PDL/year) 290 130 200 100 85 
Land Use f o r  Resource E x t r a c t i o n  16 2 3  36 2 1  17 
(kmz/year) 
Land Use f o r  F a c i l i t i e s  (km2) 110 320 380 290 230 
Rad ioac t i ve  Waste (Tons/year) 0.0 6.9 17 0.0 0.0 
SO2 Emissions (Tons/year) 300 200 280 190 150 
Aus t r i an  human h e a l t h  and sa fe t y  impacts decrease compared t o  1971, 
p r ima r i  l y  because o f  improved env i  ronmental technology and because o f  t h e  importa- 
t i o n  by 2015 of a l l  coa l ,  which has a l a r g e  occupat iona l  h e a l t h  and sa fe ty  r i s k  
r e l a t i v e  t o  o i l  and gas. F a c i l i t y  land use i s  t he  f as tes t  growing impact, 
growing f a s t e r  t han  energy use. T h i s  i s  m a i n l y  due t o  hydropower. 
We.conclude t h a t  l a n d  use should be g i ven  i n c r e a s i n g l y  g r e a t e r  
a t t e n t i o n  i n  de te rm in ing  A u s t r i a ' s  energy p o l i c i e s .  
Rad ioac t i ve  waste p roduc t ion  i s  an i m p o r t a n t  impact  t h a t  cannot 
be ignored because o f  t h e  A u s t r i a n  government's dec i s ion  t h a t  nc 
nuc lea r  power p l a n t  should beg in  opera t i on  u n t i l  t h e  waste s torage 
quest ions  i n  A u s t r i a  h'ave been solved.  There a r e  l a rge .  d i f fe rences 
i n  annual waste p roduc t ion  among t h e  f o u r  scenar ios .  Al though the  
annual q u a n t i t i e s  o f  r a d i o a c t i v e  waste prod"ced appear smal l ,  cumul a- 
t i v e  e f fec ts  must be considered.  
SO2 emissions i n  S1 decrease by 33% over  1971 because o f  t h e  
r e g u l a t i o n s  assumed i n  the  scenar ios .  Publ i c  h e a l t h  impacts i n s i d e  
A u s t r i a  i n  2015, due ma in l y  t o  a i r  p o l l u t i o n ,  decrease however o n l y  by 
16% r e l a t i v e  t o  1971. 
I n  1971, f i v e  major  c i t i e s ,  (Vienna, L i n z ,  Graz, Salzburg and 
Innsbruck)  account f o r  87% o f  t h i s  a i r  p o l l u t i o n  h e a l t h  impact. 
By 2015, these same c i t i e s  account f o r  80% of t he  a i r  p o l l u t i o n  
impact. The major  f a c t o r s  i n  t h i s  d e c l i n e  from 1971 a re  t h e  move- 
ment o f  people away f rom Vienna and a  s l i g h t  improvement i n  Vienna's 
a i r  p o l l u t i o n  l e v e l s ;  no s i g n i f i c a n t  change occurs i n  t h e  o t h e r  c i t i e s .  
Table 13 presents r e s u l t s  f o r  scenar io  S1 f o r  se lec ted  impacts 
on human h e a l t h  and safety,  ca tegor i zed  accord ing t o  whether they 
occur i n s i d e  o r  o u t s i d e  A u s t r i a .  To ta l  human h e a l t h  and s a f e t y  impacts 
TABLE 13 
HUMAN HEALTH AND SAFETY INSIDE AND OUTSIDE AUSTRIA* 
Scenar io S1 
201 5 *- Outs ide T o t a l  I n s i d e  Outs ide 
F a t a l i t i e s  
(Deaths lyear )  
Occ. Acc idents  
( 1  o3 PDLlyear) 
Publ i Acc idents  5 ( 1  0  PDLlyear) 
Occ. Heal t h  
( 1  o3 PDLlyear) 
Publ i Hea l th  5 (10  PDLlyear) 
TOTAL3PDi 290 24 0  530 1 130 420 540 
(10 PDLlyear) 
* 
Colunlns may n o t  add because o f  round ing.  
outs ide  Aus t r i a  increase, because a l l  coal i s  imported by 2015. 
For the same reason, t he  i n d i c a t o r  f o r  t o t a l  human hea l th  and sa fe ty  
w i t h i n  Aus t r i a  improves. Nevertheless, an important  change i n  t h e  
charac ter  o f  t he  human hea l th  impact w i t h i n  Aus t r i a  takes place. I n  1971, 
t he  Pub1 i c  Heal th PDL, which i s  on ly  an i n d i c a t i o n  o f  the t o t a l  a i r  po l -  
l u t i o n  impacts, was 43% of t he  t o t a l .  By 2015, i t  i s  79% o f  t h e  t o t a l .  
H e a l t h  impacts, which c u r r e n t l y  have a  1arg.e occupat ional  f r a c t i o n ,  
become i n  the  fu tu re  mos t l y  s o c i e t a l  h e a l t h  impacts through a i r  pol  1  u t i on .  
~ h ' e  t o t a l  human h e a l t h  and s a f e t y  impacts i n  Table 13 can be 
g iven some perspect ive  by comparing them w i t h  acc ident  s t a t i s t i c s  f o r  
A u s t r i a .  For  exarnple, i n  1974, some 2,560 pedestr ians were seve re l y  
i n j u r e d  i n  s t r e e t  acc idents;  if s i x  months o f  l o s t  t ime  a r e  assoc ia ted  
w i t h  each accident ,  t he  person-days-lost equal 510,000 PDL. The t o t a l  
energy- re la ted  human h e a l t h  and sa fe ty  impacts a t t r i b u t a b l e  t o  Aust r ia ,  
shown i n  the  t o t a l  columns of Table 13, has an almost equ iva len t  impact. 
Thus, a l though these .impact est imates a re  n o t  meant t o  serve as f o r e -  
cas ts ,  we must conclude t h a t  energy- re la ted  impacts on human h e a l t h  
and s a f e t y  a re  s i g n i f i c a n t  and may r e q u i r e  even s t r i c t e r  p o l l u t i o n  
c o n t r o l  measures than c u r r e n t l y  a n t i c i p a t e d .  
One important  environnlental i ssue i n  A u s t r i a  i s  t h e  s e t t i n g  o f  
a i r  p o l l u t i o n  ---- standards. Three sets o f  standards are assumed i n  our  
scenar ios : 
Stage 1: Complete implementation by 1981 o f  d e s u l f u r i z a t i o n  o f  o i l  t o  
new l i m i t s  se t  by t h e  Aust r ian  m i n i s t r y  o f  hea l th  and environment. 
Stage 2: For - a l l  emission sources, implementation, s t a r t i n g  i n  1985 and 
completed by 2000, of t h e  present U.S. emission standard o f  2.16 kg o f  
~ 0 ~ / 1 0 ~  kcal  on a l l  emission sources. 
Stage 3: For - a l l  p o i n t  sources, implementation s t a r t i n g  i n  2000 and com- 
p l e t e d  by 2015, of the more s t r i n g e n t  U.S. emission standards a n t i c i p a t e d  
6  f o r  2000 (0.91-1.08 kg of S02/10 k c a l ) ,  mod i f ied  by economic growth 
considerat ions:  
6  S1: reduc t i on  t o  1.08 kg S0,/10 kcal 
6 S2: reduc t i on  t o  0.91 kg S0,/10 kcal  
L 6 53, 54: reduc t i on  t o  1.53 kg S02/10 kcal . 
The present  U.S. s tandard would r e q u i r e  a  f u r t h e r  44% r e d u c t i o n  o f  heavy 
o i l  s u l f u r  con ten t  t o  1.13%, a  r educ t i on  o f  s u l f u r  con ten t  by 11% f o r  
ha rd  coa l  and up t o  23% f o r  brown coa l .  Th i s  would be achieved through 
the  use o f  s u l f u r  removal systems av t h e  s tack,  some chemical c lean-  
i n g  of t h e  coa l  used by i n d u s t r y  a  nd e l e c t r i c i t y  p l an t s ,  o r  by s e t t i n g  
impor t  r e s t r i c t i o n s .  It i s  impor tan t  t o  no te  t h a t  imposing t h e  U.S. 
emiss ion s tandard  o n l y  a f f e c t s  i n d u s t r i a l  and e l e c t r i c i t y  gene ra t i ng  
sources. A f t e r  t he  o i l  d e s u l f u r i z a t i o n  o f  Stage 1, standards o f  f u e l  
s u l f u r  con ten t  f o r  r e s i d e n t i a l  and commercial f u e l s  i n  A u s t r i a  a r e  a l ready  
equ i va l en t  t o  t h e  p resen t  U.S. Standard. 
I n  a  s e n s i t i v i t y  s tudy designed t o  address t h e  e f fec t i veness  of the  SO2 
emiss ion standards.  t h e  U.S. standards and t he  o i l  d e s u l f u r i z a t i o n  p o l i c y  
i n  scenar io  S1 were s e q u e n t i a l l y  removed t o  eva lua te  t he  e f f e c t  o f  
these r e g u l a t i o n s  on emissions and on human hea l t h .  The r e s u l t s  a re  
presented g r a p h i c a l l y  i n  F igures 22 and 23. Whi le a l l  standards 
Wi thout  Con t ro ls  
w i t h  D e s u l f u r i z a t i o n  
Wi th  E e s u l f u r i z a t i o n  t 
Present  U.S. Emission 
Standards 
W i  t h  Desul f u r i  z a t i o n  t 
A n t i c i p a t e d  New U.S. 
Emission Standards 
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have a  s i g n i f i c a n t  e f f e c t  on SO2 emissions, o n l y  t he  pe t ro leum 
d e s u l f u r i z a t i o n  has a  s i g n i f i c a n t  e f f e c t  on hea l  t h  impact .  T h i s  
i s  because r e s i d e n t i a l  and cornmel-cia1 emiss ions ( n o t  a f f e c t e d  by t h e  
U.S. s tandards )  more s t r o n g l y  a f f e c t  h e a l t h  i n  u rban  areas p e r  u n i t  
o f  emiss ions t han  i n d u s t r i a l  o r  e l e c t r i c a l  p l a n t  sources o f  e ~ n i s s i o n s .  
A f u r t h e r  s i g n i f i c a n t  r e d u c t i o n  i n  t h e  human h e a l t h  impact  would  r e q u i r e  
more s t r i n g e n t  s tandards than  assumed h e r e  f o r  t h e  s u l f u r  c o n t e n t  o f  t h e  
f u e l s  used by t h e  commercial and s e r v i c e  and t h e  r e s i d e n t i a l  sec to r s ,  
Another  s t r a t e g y  t o  f u r t h e r  reduce h e a l t h  impacts would be t o  implement 
conse rva t i on  programs and i n s u l a t i o n  s tandards i n  t h e  r e s i d e n t i a l  and 
commercial sec to r s  t o  reduce t h e  amount o f  f u e l  r e q u i r e d  f o r  space hea t ing ;  
t h i s  would have t h e  same e f f e c t  as s e t t i n g  more s t r i n g e n t  SO2 emiss ion  
s tandards.  'However, t h e r e  can be a  l o n g  t i m e  l a g  be fo re  any conse rva t i on  
e f f e c t  i s  seen, due t o  t h e  l e n g t h  o f  t h e  t ime  i n v o l v e d  i n  implement ing 
i n s u l a t i o n  s tandards.  Therefore,  t he  SOp r e g u l a t i o n s  o f  t h e  n a t u r e  
desc r i bed  he re  shou ld  be cons idered as a n ' e f f e c t i v e  means f o r  p r o t e c t i o n  
o f  p u b l i c  h e a l t h .  
V I I I .  SOME CONCLUDING OBSERVATIONS 
Th is  Execut ive  Summary has presented t h e  essence o f  t he  r e s u l t s  
o f  our s tudy  o f  the pas t  14 months. I t  has focussed on the  examina- 
t i o n  of a l t e r n a t i v e  energy fu tu res  and s t r a t e g i e s  f o r  A u s t r i a  and 
some o f  t h e i r  env i ronmenta l  i m p l i c a t i o n s .  A f i n a l  r e p o r t  w i l l  
be pub1 i shed  a t  the  beginning o f  1978. I t  . w i l l  con ta in  more d e t a i l e d  
r e s u l t s  and d e s c r i p t i o n s  o f  methodology. A c u r r e n t  l i s t  and copies 
o f  documentation o f  methods, models, e t c .  used i n  t h i s  and our  p rev ious  
s tud ies  a r e  a v a i l a b l e  a t  IIASA and should be considered a supp le~~ len t  t o  
t h i s  Execut ive  Summary. The r e s u l t s  o f  t he  s tudy  w i l l  a l s o  be pre-  
sented i n  more d e t a i l  a t  a  conference f o r  A u s t r i a n  p lanners and energy/ 
environment. s p e c i a l i s t s  i n  November 1977. 
T h i s  Execut ive Summary has excluded any d i scuss ion  o f  t h e  second 
major  o b j e c t i v e  o f  ou r  s tudy,  namely, t h e  i n v e s t i g a t i o n  and iniplementa- 
t i o n  of methodologies f o r  .energy/environment management and p o l i c y  
design i n  A u s t r i a .  We do b e l i e v e  t h i s  second o b j e c t i v e  i s  o f  g r e a t  
importance, and t h a t  A u s t r i a  cou ld  d e r i v e  b e n e f i t s  from i n c o r p o r a t i n g  
some o f  these concepts and a n a l y t i c a l  t o o l s  i n t o  i t s  e x i s t i n g  s e t  o f  
p o l i c y  design techniques.  The l i n k  o f  t h i s  s tudy  w i t h  var ious  
A u s t r i a n  i n s t i t u t i o n s  has a l ready  i n i t i a t e d  t h a t  process i n  an i n fo rma l  
way. Dur ing the  conc lud ing  months, we w i l l  devote major  a t t e n t i o n  t o  
t h e  docui l~entat ion o f  models, data bases, and i n f o r m a t i o n  systems, bo th  
a t  IIASA and a t  t he  c o l l a b o r a t i n g  i n s t i t u t i o n s '  i n  t h e  U.S.A. A major  
r e p o r t  on methodology w i l l  be pub l i shed i n  e a r l y  1978. The app rop r i a te  
A u s t r i a n  agencies and i n s t i t u t i o n s  should examine t h e i r  s p e c i f i c  needs 
and c a p a b i l i t i e s  t o  make the  s t rong  commitment t h a t  would be r e q u i r e d  
f o r  a success fu l  t r a n s f e r  o f  methodology. 
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